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Wallis states (page 306) that Fermat “blames my demonstration by Induc- 
tion, and pretends to amend it. . . . I look upon Induction as a very good method 
of Investigation; as that which doth very often lead us to the easy discovery of 
a General Rule.” 

Another criticism came from Jakob Bernoulli,! who takes one of Wallis’s 
problems and proceeds to show how the procedure can be improved by introducing 
the argument from n ton+ 1. Thus, in Bernoulli’s mind, incomplete induction, 
because of its incompleteness, gave birth to the mathematical induction. 

Jakob Bernoulli ranks as one of the inventors of this argument, but he gave 
it no special name. In his posthumous Ars conjectandi, 1713, he enters upon a 
more detailed criticism of Wallis and applies the argument from n to n+ 1 
to the proof of the binomial theorem. 

For about 140 years after Jakob Bernoulli, the term “induction”’ was used 
by mathematicians in a double sense: (1) “Induction” used in mathematics in 
the manner in which Wallis used it; (2) “Induction” used to designate the 
argument from n to n+ 1. Neither usage was widespread. The former use 
of “induction” is encountered, for instance, in the Italian translation (1800) of 
Bossut and Lalande’s dictionary,! article “Induction (term in mathematics).” 
The binomial formula is taken as an example; its treatment merely by verifica- 
tion, for the exponents m = 1, m = 2, m = 3, etc., is said to be by “ Induction.” 
We read that “it is not desirable to use this method, except for want of a better 
method.” H. Wronski in a similar manner classed “méthodes inductionnelles”’ 
among the presumptive methods (“méthodes présomptives”’) which lack absolute 
rigor.2. P. Barlow’ makes a statement, which is copied verbatim by J. Mitchell,* 
to this effect: “Induction is a term used by mathematicians to denote those 
cases in which the generality of any law, or form, is inferred from observing it to 
have obtained in several cases. Such inductions, however, are very deceptive, 
and ought to be admitted with the greatest caution.””’ The argument from n to 
n+ 1 is not described by Barlow and Mitchell. 

The second use of the word “induction” (to indicate proofs from n to n + 1) 
was less frequent than the first. More often the process of mathematical induc- 
tion was used without the assignment of a name. In Germany A. G. Kistner® 
uses this new “genus inductionis” in proving Newton’s formulas on the sums of 


1 Acta eruditorum, Leipzig, 1686, p. 360. 

1 Dizionario enciclopedico delle matematiche delli signori AB. Bossut, La Lande ec. Tradu- 
zione dal Francese, arricchita di annotazioni, ed aggiunte del traduttore italiano. Padova, 
MDCCC, Art. “Induzione (termine di Matematica).’’ Of the binomial formula, as an example, 
it says: “Quello che senza conoscere la maniera esatta, e generale di dimostrare questa formula la 
concludesse per averla verificata nel caso di m =1; m=2; m = 3, ec. giudicherebbe per 
induzione. Non conviene dunque servirsi di questo metodo che in mancanza di un pid esatto.” 

2 Art. “Méthode” in A. S. de Montferrier, Dictionnaire des sciences mathématiques pures et 
appliquées, Vol. 2, Paris, 1836. 

3P. Barlow, Dictionary of Pure and Mixed Mathematics, London, 1814, Art. “Induction.” 

4J. Mitchell, Dictionary of the Mathematical and Physical Sciences, London, 1823, Art. 
“Tnduction.” 

~5 A. G. Kastner, Dissertationes Mathematice et Physice, Altenburgi, (1771), p. 3. 
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the powers of roots. G. S. Kliigel' in his dictionary refers to the demonstrative 
weakness of Wallis’s Induction, then explains Jakob Bernoulli’s proof from n 
to n+ 1, but gives it no name. In England, Thomas Simpson? uses the n to 
n+ 1 proof without designating it by a name, as does much later also George 
Boole.® 

A special name was first given by English writers in the early part of the 
nineteenth century. George Peacock, in his Treatise on Algebra, Cambridge, 
1830, under permutations and combinations, speaks (page 201) of a “law of 
formation extended by induction to any number,” using “induction,” as yet 
in the sense of “divination.” Later he explains the argument from n to n+ 1 
and calls it “demonstrative induction” (page 203). We suspect that Peacock 
prepared this chapter when he was under the influence of Jakob Bernoulli; he 
himself acknowledges indebtedness to German writers. 

The next publication is one of vital importance in the fixing of names; it is 
Augustus De Morgan’s article “Induction (Mathematics)” in the Penny Cyclo- 
pedia, London, 1838. He suggests a new name, namely “successive induction,” 
but at the end of the article he uses incidentally the term “mathematical induc- 
tion.” This is the earliest use of this name that we have seen. Peacock’s and 
De Morgan’s designations were adopted and popularized by Isaac Todhunter,* 
who, in introducing the reader to this method of proof, used both names, “ mathe- 
matical induction” and “demonstrative induction,” but in the chapter-heading 
used only the former. Both names are used by Jevons® and Joseph Ficklin® 
while other popular textbook writers, for instance H. S. Hall and S. R. Knight,’ 
W. S. Aldis,? G. Chrystal, use only “mathematical induction.” The term 
“demonstrative induction” has become obsolete. 

In the United States the proof from n to n+ 1 was at first used without 
assigning it a name; for instance, by Benjamin Greenleaf,!° Charles Davies," 
and G. A. Wentworth.” As we have seen, Ficklin of the University of Missouri 
used the designation “mathematical induction” in 1874; he expresses his in- 
debtedness to Todhunter in the exposition of the method. The term is used also 
by G. A. Wentworth in his Elements of Algebra (complete edition), Boston, 1884 
(Preface, 1881), p. 348. But not until the twentieth century did American 
textbooks in algebra regularly introduce the name. 

On the European continent the name “mathematical induction” is used, but 


' Mathematisches Woérterbuch, Erste Abtheilung, Vol. I, Leipzig, 1803, p. 303. 

2 T. Simpson, T'reatise of Algebra, London, 1755, p. 205. 

* Calculus of Finite Differences, ed. J. F. Moulton, London, 1880, p. 12. 

4I. Todhunter, Algebra, 4th ed., Cambridge, 1866, p. 280. 

5 W.S. Jevons, Elementary Lessons in Logic, London & New York, 1882, p. 220. 

6 J. Ficklin, Complete Algebra, 1874, p. 299. 

7 Hall & Knight, Algebra, ed. by F. L. Sevenoak, New York, 1898, p. 343. 

8W.S. Aldis, Textbook of Algebra, Oxford, 1887, p. 253. 

9G. Chrystal, Algebra, Part II, p. 2. 

10 B, Greenleaf, New Higher Algebra, Boston, 1866, p. 282. 

J, E. Worcester, Dictionary of the English Language, Boston, 1860, under “Induction.” 
See also Davies’s Bourdon’s Algebra, New York and Chicago, 1871, p. 53. 

12 G. A. Wentworth, College Algebra, 1902, p. 222. 
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is uncommon. The usual German expression is “vollstindige Induktion.” In 
criticism of this term Federigo Enriques! says: “We should not confound 
mathematical induction, namely the argument from n to n+ 1 --- with the 
complete induction of Aristotle.” In this Aristotelian sense the term “voll- 
stindige Induktion” is used in 1840 in the article “Induction” in Ersch and 
Gruber’s Encyklopédie, where we find the example’ If two sides are found to be 
greater than the third side in plane triangles with a right angle, and with an 
obtuse angle, and also with only acute angles, and this inequality is shown to 
be true likewise of spherical triangles, then the inequality can be asserted to be 
true of all triangles. Here a “vollstindige Induktion” is quite different from 
the argument from nton+ 1. The use of the same name for two different types 
of induction is objectionable. The name “vollstindige Induktion” was used 
by R. Dedekind in his Was sind und was sollen die Zahlen, 1887, §§ 59 and 80. 
Through him the method received great emphasis in Germany.2? The English 
equivalent of “ vollstindige Induktion,” namely, “complete induction,” is seldom 
used.* According to A. Haas* the designation “héhere Induktion” is also 
employed. Poincaré, in his Science et Hypothése, does not restrict himself to 
any one name, but is partial to the phrases “démonstration par récurrence,” 
“raisonnement par récurrence.” 


MISCELLANEA. 
By AUBREY J. KEMPNER, University of Illinois. 


§ I. ConcerNING GREATEST AND Least ABSOLUTE VALUES 
or ANALYTIC FUNCTIONS. 


The following theorems are known: 

Ia. If f(z) is an analytic (single-valued) function of the complex variable 
z= x-+ wy, regular in the interior and on the boundary of a circle C about a 
point a of the complex plane as center, then |f(a)| = M, where M is the largest 
value which |f(z)| assumes on the boundary of C. 

Ib. Under the same conditions for f(z), |f(c)| = M, where ¢ is any interior 
point of the circle C.° 

Ic. In Ib the circular region may be replaced by a region S, not necessarily 
simply connected, but the boundary of which we shall assume, in this as in the 


1F, Enriques, Principles of Science, transl. by K. Royce, Chicago and London, 1914, p. 133. 

2 An excellent article in the English language on “‘Mathematical Induction” is that by C. J. 
Keyser in the Americana. 

3See, however, W. H. Bussey, “The Origin of Mathematical Induction,’”’ Am. Mara. 
Monrsaty, Vol. 24, 1917, p. 199. 

4A. Haas, Lehrbuch tiber den binomischen und polynomischen Lehrsatz, Bremerhaven, 1906, 
p. 6. 
_ 5 For Ia and Ib compare, among others: Fouét, Lecons sur la théorie des fonctions analytiques, 
1910, Vol. II, p. 79; Osgood, Lehrbuch der Funktionentheorie, 1912, Vol. I, p. 300; Vivanti- 
Gutzmer, Theorie der eindeutigen analytischen Funktionen, 1906, p. 81. 
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following theorems, to consist of a finite number of “regular” arcs of curves.! 
For any interior point ¢ we shall again have |f(c)| = M, where M is the largest 
value which |f(z)| assumes on the boundary of S. 

In Ia, Ib, Ic, the sign of equality holds only when f(z) = const. 

Of the three theorems, the last two follow immediately from the first, because 
it would otherwise be possible to select an interior point of the region where 
|f(z)| assumes its largest value and to consider a small circle about this point 
as center, thus leading to a contradiction of Ia. 

Corollary. If the absolute value of a single-valued analytic function f(z) 
is regular along the whole boundary of a region S, and if it is possible to find 
in the interior of S any point for which |f(z)| exceeds the largest value of |f(z) | 
along the boundary, f(z) must have at least one singular point in the interior. 

It is well known that Ia, Ib, Ie also hold when in the theorems |f(z)| is re- 
placed by the real part w or by the imaginary part v of 


fle) = fla + iy) = ula, y) + y)2 


As a direct consequence of Ia, we also mention the following theorem, which 
is of great importance in many modern investigations in function theory: 

Let C(r:), C(r), «++, C(rn) denote concentric circles about the point z = 0 
of radii r; < tm] < +++ < rn, respectively, and such that the single-valued analytic 
function f(z) is regular in the interior and on the boundary of C(r,); let M(r,) 
denote the largest value which |f(z)| assumes on the boundary of C(r,); then 
M(n) = S (no signs of equality to be admitted unless 
f(z) = const.), and by a limiting process it is shown that M(r), considered as a 
function of the continuously increasing radius r, is a monotone increasing 
function.* 

Some further consequences of Ia are developed in this note. They are 
such obvious extensions that they must have occurred to many mathematicians, 
but (with the exception of II) I do not recall seeing them in print. However, 
no thorough study of the literature was attempted. 

II. Assume f(z) single-valued and regular in the interior of a region S and 
on the boundary, and let m > 0 be the smallest value which |f(z)| assumes on 
the boundary. The existence of a point c in the interior of S such that |f(c)| < m 
constitutes a necessary and sufficient condition that f(z) have at least one zero 
in the interior of S.* 

Proof: The condition is of course necessary. We still have to show that in 
case f(z) has no zero in S, |f(z)| assumes for some point of the boundary a 
smaller value than for any interior point. This is proved by applying Ic to the 


For the definition of “regular arc’’—‘ regulires Bogenstiick’’—see Osgood, loc. cit., p. 51. 

2See for Ic Osgood, loc. cit., p. 622; Burkhardt, Hinfiihrung in die Theorie der analytischen 
Funktionen . . ., 1908, p. 125, and many others. 

3 Vivanti-Gutzmer, loc. cit., p. 81; Fouét, loc. cit., p. 78; Borel, Lecons sur les fonctions 
entiéres, 1900, p. 107; Blumenthal, Principes de la théorie des fonctions . . . d’ordre infini, 1910, 
p. 5; and others. 

* Fouét, loc. cit., p. 79 (stated for a circular region). 
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function ¢(z) = 1/f(z); since f(z) has no zero in S or on the boundary, ¢(z) is 
regular in S and on the boundary, and |¢(z)| assumes its largest, |f(z)| its 
smallest, value, for a point on the boundary. The analogon of the corollary 
given above is obvious. 

So far, the terms “maximum of |f(z)|”’ and “minimum of |f(z)|” have been 
avoided, because |f(z)| may very well have several maxima and minima as z 
moves along the boundary of S. We were concerned only with the “largest”’ 
value of |f(z)|, the “maximum maximorum,” and the “smallest” value, the 
“minimum minimorum.” However, by applying exactly the reasoning applied 
above, the truth of the following theorem is seen, which comprises Ie and II: 

III. Assume f(z) regular in a region S and on its boundary. Take the z-plane 
as the horizontal plane of a system of rectangular space codrdinates, and erect in 
each point z of S and its boundary a perpendicular of length \f(z)|. The (con- 
tinuous) surface generated by the end points of these perpendiculars has no maximum 
in the interior of S, and where it has a minimum in the interior, it reaches down to 
the z-plane. 

All of these theorems hold also for branches of multiple-valued analytic 
functions under proper restrictions for the region S; it is only necessary to 
stipulate that S shall be a closed region on the Riemann surface belonging to the 
multiple-valued function, and shall not contain a branch point of the Riemann 
surface in its interior or on its boundary. This follows from the fact that in 
such a region the corresponding branch of the multiple-valued function is nothing 
but an ordinary single-valued analytic function, to which therefore Ic is applicable. 

When one remembers: (1) that df(z)/dz = f’(z) is an analytic function of z, 
regular everywhere where the single-valued analytic function f(z) is regular, 
and that therefore Ic may be applied to f’(z); (2) that |f’(z)| represents the 
factor of magnification at every point of the conformal mapping of a region in 
the z-plane upon the corresponding region of the f(z)-plane, we obtain the 
theorems IV and V: 

IV. For a region S, in every interior and boundary point of which the single- 
valued analytic function f(z) is regular, the factor of magnification of the conformal 
mapping of the region S upon the corresponding region of the f(z)-plane has its 
largest value on the boundary; or it is constant for all points of the region S, and the 
function is of the form f(z) = az + b. 

The very last statement follows from the fact that f’(z) is constant in this 
case. The coefficient a may be assumed different from zero, since f(z) = b does 
not yield any conformal representation. From the standpoint of conformal 
mapping, f(z) = z is the simplest function. 

V. For a region S, in every interior and boundary point of which the single- 
valued analytic function f(z) 1s regular and has its derivative different from zero, 
the factor of magnification has its smallest value on the boundary. It is constant 
only for f(z) = az + b. 

Since the values of z, for which f’(z) = 0, are points for which the conformal 
representation breaks down, we may combine IV and V by saying: 
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For any region S in which the conformal representation is not disturbed for 
any interior or boundary point, the factor of magnification has its largest and 
also its smallest value for points on the boundary of S; unless the function be 
of the type f(z) = az + 6, in which case the factor of magnification is constant. 

Any picture of a conformal mapping will serve to illustrate these theorems. 

VI. In proving Ia or Ib, from which the other theorems are all derived, 
use is always made, as far as I know, of the analytic character of the function 
f(z). That the analyticity is, in a certain sense, not essential, is easily established 
as follows: 

Assume f(z) to be a function of the complex variable z = x + zy possessing 
the properties: 

(1) There exists in the z-plane a two-dimensional region S for which f(z) 
is single-valued and continuous; 

(2) Every circle s lying entirely in S is transformed by f(z) into a region s’ 
of the f(z)-plane, so that interior points correspond to interior points, and 
boundary points to boundary points. (In case overlapping regions s’ in the 
f(z)-plane are admitted, a slight modification in the statement of the corre- 
spondence of points is required, to avoid ambiguity.) 

It is possible in various ways to impose these conditions on the function 
without making it analytic. They are satisfied, for example, in the whole finite 
complex plane, by f(« + iy) = ax + iBy, where a + 8 are two real numbers, 
different from zero; this function represents stretching along the z-axis in a 
certain ratio and stretching along the y-axis in a different ratio. The function is 
not analytic. 

After having chosen a region s in the z-plane, assume the corresponding s’ 
mapped in the f(z)-plane, and describe in the f(z)-plane the circle of largest 
radius about the origin having points in common with s’; mark this point, 
which we denote by a (or one of these points, in case there are more than one), 
and let a be the corresponding point ins. Then a is a point on the boundary of 
8, while |a| = M, the distance of a from the origin in the f(z)-plane, is the largest 
value attained by |f(z)| for any point z lying in the interior or on the boundary 
of s. Therefore, at least for a region in the z-plane satisfying (1) and (2), Ia and 
Ib hold whether f(z) is analytic or not. 

To derive the corresponding theorem II on the smallest value of |f(z)|, two 
cases must be considered, according to whether s’ contains or does not contain 
the origin of the f(z)-plane as an interior point. 

The last discussion might equally well have been based on known theorems 
of two real functions of two real variables, making use, for example, of a theorem 
given in Osgood’s “ Lehrbuch der Funktionentheorie,” 1912, p. 71. 

The theorems on the real and imaginary parts wu and » of f(a + ty) = w+ ww 
may be just as easily derived under the assumptions (1) and (2). 


§ II. ConcERNING THE SMALLEST INTEGER m! DivIsIBLE BY A GIVEN INTEGER n. 


In connection with an investigation in number theory the solution of the 
following problem was needed: 


r 
1 
2 
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I. For a given integer n to find the smallest integer u(m) = m such that m! 
is divisible by n. A direct method of determining m is required, by which all 
trials are eliminated. 

This problem is closely related to the problem which is treated in many 
textbooks of elementary number theory: 

Ia. For a given integer m and a given prime p to find the highest power of p 
contained as a factor in m!.? 

The simple considerations leading to the solutions of these problems are of 
the same character, in the two cases, but the formulae which give the solution of 
the second problem do not yield a method of determining without trials the m 
of the first problem for a given n, even when n is restricted to be of the form p*, 
p a prime. 

Solution of I. All letters used denote positive integers or zero. For several 
forms of n the solution is obvious. 

1. wl) = 1; = n. 

2. u(p) = Pp, p a prime. 

3. Py.) = pp when py < < +++ < p, are distinct primes. 

4, u(p*) = pa, for p prime and a S p. 

The solution is not trivial for 
5. n = p*, a S p (thus including 2 and 4 as special cases). 
In this case there are complications for the following reason. Let 


m! = + +m; 


it is clear that every pth number contains p as a factor; but at the same time 
every (p”)th number contains p a second time as a factor, every (p*)th number 
contains p* as a factor, and so on. Denoting by [a/b] the greatest integer k 
such that bk S a, we see that m/ contains exactly p raised to the power 


as a factor, where the [m/p”] are integers decreasing with » and of which only a 
certain number are different from zero. 

This is the method by which Ia is usually proved. Taking m = p*, a any 
integer, we see that (p*)! contains exactly the power p' tptpt+.+P-! 2 Therefore 

The truth of the following statement will be obvious after writing it out 
for a special case, say p = 5, a = 4, B = 2: 

(b) Let g be any positive integer or zero, and a> B>O0, p any prime; 
then in the product 


(a) u(p 


1 Compare, for example, L. W. Reid, The Elements of the Theory of Algebraic Numbers, 1910, 
p. 26, or R. D. Carmichael, The Theory of Numbers, 1914, p. 24. 


2The notation (p+)! =0 mod (pitetest+pe2—)) has purposely been avoided throughout. 
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(g-p* + 1)-(g-p* + 2)---(g-p* + v*)-G-p* + + 1) 

+ 2-p*)-(g-p* + 2-p® + 1) 

+ + p — 2-p* +1) 

+ p — 1-p*)-(g-p* + p — 1-p* + + 
each one of the p — 1 products of p* numbers each 

(g-p*+ + 2-p* + + p— 1-p*) 
contains as a factor exactly the same power of p as does the first group, that is 
while the last group of p factors, (g-p*+ p— 1-p* +1)--- 
(g-p* + p**"), contains the factor p-p'*?*~*?*™, on account of the p®*! of the 
last factor. 
Any positive integer may be written in the form q-p'+ @-p*! + --- 

C3*p + Cs1, Where for each c:0 Sc < p. It is clear that if m is to be the 


smallest integer for which m! is divisible by a power of p, m will be divisible by p. 
Therefore m may be written 


where 
and 
0< PD. 
Then 


In exactly prt is contained as a factor; in 
+ + yop") exactly is contained, and 
so on; finally, in , 


we have exactly the factor p?Ct?t?*t--+P%), 


Therefore m/ contains exactly p raised to the power 
+ pt + 
We have thus obtained (with a slight change in notation) the following 


fornfula which solves 5., provided we can always write the given exponent a in 
the form 
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with all y satisfying 0 < y < pand Bi > > > 8, 20: 


v 
+p? 


) v 
(©) 
p= 


We must next examine whether an integer a may always be written in 
the form a= + p*”), where 
Bi > Bo > +--+ > B, 20 and where each y satisfies: 0< y< p. It will be 
seen that there are exceptional cases to be taken care of. 


Let 


then we have the recurrence relation 


patil, a= 
Assume a, = a < a,41, then 
a=hka,+r,, 
where 
0<k, < p, 


except for the possible combination k, = p, r, = 0. Assume for the moment 
r, > 0, then there is an a, such that a, = r, < a,4:, and 


Y= kaait ra, 
where 
0 < kya < 


except for the combination k,, = p, r1 = 0. Continuing in this fashion, we 
see that for every integer a 


where 6, > 2 > --- > B, 20, but 0 < y < p only with the restriction that 
the last y may be equal to p. This exception arises from the fact that while for 
every m! a certain p* exists which is the highest power of p contained as a factor 
in m!, for a given p* there may not exist an m such that m/ is divisible by p* 
and by no higher power of p (for example p = 2, a = 6). 

To show that our method of determining u(p*) by means of (c) holds also in 
case the last coefficient y is equal to p, we proceed as follows: 

First assume 


a= yl +p) + p+ pt + 


1These exceptional cases were overlooked by J. Neuberg, Mathesis, 1887, Vol. VII, p. 68. 
But for them, our problem would be solved in a very few lines from the known methods of solv- 
ing problem Ia. 
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or 


assuming for the moment 7; + 1< p. This increases a by one unit, but we 
shall show that 
= w(p*). 


Clearly u(p*t) = (v1 + 1)-p*™, and [(y1 + 1)-p*'™]! contains exactly the factor 
p*tt, Now let m be the smallest number such that m/ has the factor p*; then 
m, = pu(p*t) because if we omit the last factor of [u(p**")]/, that is (yi: + 1)-p*™, 
the exponent of the highest power of p contained as a factor in the product is 
reduced by 6: + 1 = 2 units at least. It is easy to see that if a contains terms 
preceding yi(1 + p+ --- + p**) the argument holds unchanged, on account of 
the statement (0b). 

We must still free ourselves from the assumption 7+ 1< p. But when 
v1 + 1 = p, our new last coefficient is equal to p and we may repeat the process 
just indicated; the original a is now increased to a + 2, but still u(p*t*) = u(p*). 

An example will suffice to illustrate conditions: Take p = 3, a = 37. We 
have 37 = 2-(1+ 3+ 9) + 2-(1+ 3) + 3-1; replace this by 2-(1 + 3+ 9) 
+ 3-(1+ 3) = 38; and again by 3-(1+3+ 9) = 39; and finally by 
1-1 +3+9-+ 27) = 40. Then (1-3*)/ = (81)! is the smallest number m! 
containing 3°’ as a factor. 

It contains also 3*° as a factor, since u(3°") = u(3*) = u(3**) = w(3*) = 81, 
as can be immediately verified. 

However, since the relation 


when treated as if the rule given by (c) still held although y2 = 7p, will give us 
yp? + p-p*® = (41 + 1)-p*', that is, the same value which we get by 
applying to + p*), we shall have the 
theorem: 

THEOREM: Assume a written in the form 


+y(1t +p), 


where i > > > 6B, =0, O<¥,<p for but 
0<y,Sp. Then 


The very last equality is verified immediately by substituting for a the expres- 
sion given in the theorem. 
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Example: p* = 5', 
8+ 5) +5-(1+5+4 8). 
= 1.55 + 1-54 + = 4.1092 + (1+ 1+ 5) = 4875. 


It may be left to the reader to show that the last theorem is equivalent to 
the following 
Rute: To find y(p*), form a sequence of numbers by means of the recurrence 
formula 
patl, a=1. 
Assume a, = a < a,4; and carry out the following divisions until we meet a re- 


mainder zero: 
a=k, -a, +r, , 


= + Tr+ly 0< Troi < 


Ty41 = ky 
Then 
= (p—1)-at (kh that: hk). 


This should be compared with the following rule for solving problem Ia (see 
Carmichael, loc. cit., p. 26): 

To find the highest power p* of a prime p contained in m/, write m in the form 
0<q< p; then 

_m—(atat + a) 

Example 1: p* = 319°, 

= 1; a = 3-4 +1 = 4; a3 = + 1 = 138; ag = 3-a3+ 1 = 40; 


a5 = 3-a4 + 1 = 121; ag = 3-a5+ 1 = 364; az = 3-4, + 1 = 1093, 
and 
a = 2-ag + 272, 272 = 2-a;+ 30, 30 = 2-a;+ 4, 4= 1-m. 
Hence 
p(3?) = 2-1000 + (2+2+2+ 1) = 2007. 


Example 2: p* = 5100, 
a = 1; @ = 6; a3 = 31; ag = 156; a5 = 781; ag = 3906; az = 19531; ag = 97651. 


Then 
100000 = 1-97651 + 2349, 2349 = 3-781 + 6, 6 = 1-6; 


(510000) = 4.100000 + (1+ 3+ 1) = 400005. 


6. n = pi+p.@---p,*", where the p’s are distinct primes. (General case.) 
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This case reduces immediately to 5., because if m/ contains the factors 


pi“, +++, p,*”, it must also have their product as a factor. 
Denoting by max [u(pi"'), u(pe*”), «++, w(p,*”)] the largest of the numbers 
(pis), «++, w(p,*”), we have the theorem (which of course includes 3. as a 


special case): 

THEOREM: = max [u(p~i"), «++, w(p,*”)]. 

Example: n = 

u(3") = 2-3 = 6; (5) = 4-5? + 5-5 = 125, because 29 = 4(1 + 5) + 5.1; 
w(11*) = 1-11?+ 7-11 = 198, because 19 = 1-(1 + 11) + 7-1; u(113) = 118, 
because 113 is a prime number; therefore u(3?-5-11!°-113) = 198. 

Considering y(n) as a function of n, one sees that it has, like most number 
theoretic functions, a very irregular behavior: 


n = 1, 2,3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
u(n) = 1, 2, 3, 4, 5, 3, 7, 4,6, 5,11, 4,13, 7, 5, 6,17, 6,19, 5, 7,11,23, 4. 


BOOK REVIEWS AND NOTICES. 


SEND ALL COMMUNICATIONS ABOUT BOOKS TO W. H. Bussry, University of Minnesota. 


Descriptive Geometry. By Ervin Kentson and Harry Cyrus Brapiey. The 

Macmillan Company, New York, 1917. x + 287 pages. $2.00. 

The book under review confines itself to a treatment of that branch of descrip- 
tive geometry which is known as the method of double orthographic projection 
or more simply as the Mongean method. 

The very brief introduction which precedes Chapter I is scarcely sufficient 
to give the reader an adequate notion of the purposes and nature of descriptive 
geometry. Exception might be taken to the statement: “Its operations are not 
strictly mathematical.” For, aside from the more or less precise mechanical 
operation involved in the use of the drawing instruments, the methods which 
descriptive geometry continually applies are, according to Loria, only such as 
are taught by the old Euclidean geometry and the modern projective geometry, 
and its processes are so very exact that it is comparable with algebra and analysis.! 

The first seventeen chapters are concerned principally with the method of 
representing points, lines, and planes of space, and of solving, by means of plane 
constructions, the problems of space which involve points, lines, and planes. 
The great number of problems which have been solved illustrate the more 
important processes of the Mongean method and give the student a very good 
notion of the operations of this method. The division of problems into chapters 
might suggest an attempt at classification. However, no explicit statements 
have been made which would lead the student to suspect that all the problems 


1See Loria, Vorlesungen tiber Darstellende Geometrie, preface to Vol. I. 
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which arise can be divided into a few groups in each of which the solution of a 
few fundamental ones is sufficient for the solution of all the problems of the group. 

In these chapters there are a few inaccuracies to which attention should be 
called. Thus in Section 34 the statement is made under case (a) that there is 
no line in space to correspond to two lines of the picture plane of which one is 
perpendicular to the ground line. That this statement is not correct can easily 
be seen if we think of the lines A* and A” of Fig. 48 as the traces of planes per- 
pendicular to the horizontal and vertical planes of projection, respectively. 
These two planes surely intersect in a line, and this is the line represented by the 
given projections A” and A’. Under case (b) it is stated that there is no line in 
space corresponding to two lines of the picture plane which are perpendicular to 
the ground line at different points. Here, again, the lines B* and B” of Fig. 49 
may be regarded as the traces of planes perpendicular to the horizontal and 
vertical planes of projection, respectively. These two planes are parallel and 
hence intersect in a line at infinity... On page 88 the statement is made that a 
straight line is determined when one of its points and its direction (such as parallel 
or perpendicular to another line) are known. The words “or perpendicular” 
should be omitted, for through a point an infinite number of lines can be passed 
perpendicular to another line. 

The last nine chapters deal with curves and surfaces, tangent planes to 
surfaces, intersections of surfaces by planes, and intersections of surfaces. The 
surfaces considered are principally cones, cylinders, spheres, and such simple 
surfaces of revolution as the torus. The problem of developing cylinders and 
cones is also treated. The lack, or brevity, of definitions in these chapters makes 
impossible a clear notion of some of the terms used. For instance, no definition 
is given of a tangent line to a curve, or of a tangent line to a surface. Likewise, 
the terms surface, curved surface, double curved surface are used without being 
defined. In Section 163 the statement is made that a double curved surface of 
revolution is formed by the revolution of any curve about any straight line as an 
axis, provided the resulting surface is such that no straight line can be drawn 
upon it. That this definition contains contradictions is evident from the fact 
that the surface obtained by revolving an hyperbola about its transverse axis is 
a double curved surface of revolution, and yet it is composed of two one-parameter 
families of straight lines. To the reviewer it seems that the statement that a 
general developable surface is composed of the tangents to a space curve is much 
more helpful to the student than the statement made in Section 179 that every 
two consecutive elements lie in the same plane. In the chapters on curves and 
surfaces, as in those on the point, line, and plane, the large number of problems 
which have been solved give the student a very good notion of the method of 
procedure. 

In addition to the numerous figures giving the Mongean solutions of the 
various problems considered, the authors have used figures which they call 
“pictorial representations,” such for instance as Figs. 11, 17, 96. They are 


1 For a discussion of these cases, see Loria, loc. cit., Vol. 1, Section 8. 
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intended to convey to the mind a clearer notion of the space relations than do 
the Mongean pictures. The authors have not attempted to explain the methods 
of constructing such figures and there can be no objection to this in a book which 
concerns itself primarily with the Mongean method. However, such pictures, 
when used, should be properly drawn. In Fig. 96, for instance, the ellipses 
representing the circles should not have their principal axes horizontal and 
vertical, and the lines cc’ and bb” should be tangent to the upper ellipse and would 
be if that ellipse were properly drawn. The same remarks apply to the lower 
ellipse and to certain other figures. 

Wm. H. RoEver. 


WasuHineton University, St. Louis. 


Plane and Spherical Trigonometry, with Tables. By G. N. Bauer and W. E. 

Brooke. Second Revised Edition. D. C. Heath and Co., Boston, 1917. 

xi + 174+ v + 139 pages. 

A writer of textbooks may approach trigonometry from two different stand- 
points; he may wish to give merely the formulas and processes needed in the 
solution of triangles, or he may regard trigonometry as a chapter of mathematics 
dealing with a certain well-defined class of functions whose use in solving triangles 
is incidental. If in American colleges we could separate our engineering students 
from the specialists in mathematics, two different types of textbook could be 
devised to meet these two tendencies; this being as a rule impossible, an attempt 
must be made to meet both requirements at once. A glance at recent texts 
shows that we have apparently arrived at a sort of standard in the choice of subject 
matter; to summarize briefly, an acceptable textbook on trigonometry should 
contain, it would seem, the following topics: 


(a) The definitions and elementary relations of the six functions; 

(b) The addition-formulas and factor-formulas’for changing sums of sines or 
cosines into products; 

(c) The formulas for 2x and 2/2, or even 32, but with no reference to wider 
formulas of which these might be the simplest cases; 

(d) The graphs of the functions, either in a separate chapter or throughout; 

(e) The treatment of trigonometric equations, at least among the exercises, and 
preferably with ample use of graphic methods; 

(f) The application of formulas to the solution of plane and spherical triangles. 

Besides these absolute essentials, we usually find chapters on 

(g) The inverse functions; 

(hk) De Moivre’s Theorem, and its simpler consequences; such as for instance 
the formulas for sin (nx), and the definitions of the hyperbolic functions, 
with their graphs perhaps. 


Since trigonometry is usually a 3-hour branch for one semester, these matters 
can not be handled satisfactorily to any extent; a choice must be made, and 
here is where the difference in textbooks comes in. 


: 
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Our present text, under (a), defines the 6 functions once and for all by means 
of the coérdinates of the endpoint P of a rotating line-segment pivoted at the 
origin; the first 50 pages develop this topic splendidly, after which 5 more pages 
are given to the line-values of the functions in connection with a unit circle. 
The exercises are well selected; nothing but praise can be bestowed upon this 
treatment (Chap. 1-5). 

Concerning (b), we find the addition-formulas proved by the trick device 


BQ+ RP _ BQOQ , RP QP 
OP QP OP’ 


and we are moved to enter a mild protest; such a proof is of no value to the 
student. There are many ways of proving this relation without having recourse 
to such artificial transformations. In extending the formula to angles beyond 
90°, the authors have followed the usual plan of first putting 


sin (« + y + 90°) = cos (x + y), 


and then, in the expansion, replacing cos x by sin (90° + 2), ete. The exercises 
include the formulas for the functions of 3x. The reduction of sin (mx) cos (nz) 
and similar forms to a sum of sines or cosines is mentioned brieuy, but clearly. 
The cases of trigonometric equations which are presented for solution are to be 
found here and there scattered among the other exercises; they are sufficient in 
number and variety, perhaps; but would it not have been better to concentrate 
this entire matter in one chapter, with more explanation, and with emphasis on 
graphical methods? 

Speaking of graphs, our authors have conceded to them the utmost minimum 
of space and importance; out of 125 pages devoted to plane trigonometry, only 
two pages are assigned to the graphs of the functions, with a grand total of six 
examples to be used as material for exercises! Surely this procedure is open to 
grave criticism and is counter to the spirit of the times. Skillful handling of 
equations necessarily demands graphic methods; and when we reflect that popular 
magazines nowadays are furnishing plans and diagrams for home-made harmonic- 
motion machines, when we think of alternating currents with their trigonometric 
equations, or when we consider the solution of mixed equations like 2 — 1 
+ 2sin xz = 0, we can only wonder why the authors have practically excluded 
graphic methods from their text. Where shall we find a treatment of trigonometric 
graphs if not in a trigonometry? This omission gives the book an old-fashioned 
appearance, and might prejudice a casual reader at the first glance. In this 
connection we may note that the unshaded, light-line diagrams used on pp. 128, 
135 in illustration of spherical triangles are unsatisfactory to the eye through 
want of perspective. 

The treatment of spherical triangles is adequate for practical purposes; the 
only area-formula mentioned is the one employing the angles as such, and no 
allusion is made to the existence of sine or tangent formulas for the area. Here 
and elsewhere the authors have not realized how the dry and didactic tone can 


sin («+ y) = 
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be relieved and how the student’s horizon can be widened by occasional references 
to other methods and formulas, as well as by slight historical excursions now and 
then. The presentation of the triangle-solutions, both plane and spherical, is 
carried out well; the pupil will learn how to conduct his work neatly and econom- 
ically by studying the typical solutions of the text. 

So much for the essential contents of this little volume. A rather advanced 
chapter on inverse notation and functions is inserted immediately after the 
addition-formulas; the average student will not master this, but it is there if 
needed. The chapter on De Moivre’s theorem concerns itself chiefly with the 
nth roots of unity and of complex numbers generally, and with the development 
of the sine and cosine series; these are found by first getting sin (nx) from 
De Moivre’s theorem, putting nz = y, and then keeping y constant while x 
approaches zero. There is ample authority for this method; but will it make an 
appeal to the beginner? The matter of roots belongs rather to algebra; a more 
trigonometric use of the theorem might no doubt have been made by developing 
the formulas given in Chrystal’s Algebra, Vol. 2, pp. 275-278, which are moreover 
of great importance in trigonometric integration. 

The tables at the end give the natural functions to 3 and then to 4 places; 
and their logarithms, as also those of the natural numbers, to 3, 4, and 5 places 
in succession. All these are very clear and legible, with the exception of Table 
IX; here the columns of difference-numbers are placed in between the vertical 
columns for sine, cosine, and tangent, and moreover they are placed halfway 
between the logarithmic numbers. Since there are no horizontal or vertical 
guidelines to lead the eye, a zigzag effect is produced which is very annoying to 
one’s eyesight and patience. This ought to be corrected when the time comes 
for another edition. 


A. F. FRUMVELLER. 
MARQUETTE UNIVERSITY. 


BOOK NOTICES. 


It is now rather usual for a textbook on “Analytic Geometry” to contain 
a chapter on “Empirical Equations.” The new Analytic Geometry just published 
by Edwin S. Crawley and Henry B. Evans of the University of Pennsylvania 
is no exception. It contains such a chapter of fourteen pages. This is about the 
usual length. 

A more extensive treatment of the subject of empirical equations is to be 
found in the book entitled Empirical Formulas by Theodore R. Running, associate 
professor of mathematics in the University of Michigan, recently published by 
John Wiley and Sons as No. 19 of the series of Mathematical Monographs 
edited by Mansfield Merriman and Robert S. Woodward. 

Doctors’ theses which are not printed in mathematical periodicals are likely 
to be overlooked by some who would be interested in them. Two such theses 
submitted to the faculty of the Catholic University of America have recently 
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been printed in pamphlet ferm at Washington, D. C. They are: “On the 
cardioids fulfilling certain assigned conditions” (44 pages) by Sister Mary 
Gervase, and “On the in-and-circumscribed triangles of the plane rational 
quartic curve” (31 pages) by Joseph Nelson Rice. 


PROBLEMS FOR SOLUTION. 


SEND ALL COMMUNICATIONS ABOUT PROBLEMS AND SOLUTIONS TO B. F. Finxet, Springfield, Mo. 


2699. Proposed by ROGER E. MOORE, University of Wisconsin. 
Show that if a,‘ denotes the kth term of an arithmetic progression of order r, and c; denotes 
the kth binomial coefficient in the expansion of (a — b)", n being a positive integer, 


s= > ca,” =0, if n>r. 
k=1 


2700. Proposed by ARTEMAS MARTIN, Washington, D. C. 


In a factory 250 men are paid an average wage of $15 each per week. The men are paid un- 
equally, the wages being $20, $16, $10 and $8 per week, respectively, for different classes of work. 
How many are employed at each rate of pay? 

Note. I am told that this question was set in a Civil Service Examination Paper to be 
worked by Arithmetic. 2,896 answers have been found. Are there any more? 


2701. Proposed by EDWARD H. WORTHINGTON, University of Pennsylvania. 
Find the sum of the infinite series 


Verify your result forr = 0 andr = 1. 


2702. Proposed by N. P. PANDYA, Sojitra, India. 


A conic of variable eccentricity has a focus and corresponding directrix fixed. The latus 
rectum cuts a fixed circle in A’ and B’. If A be the vertex of the conic, find the locus of the 
centroid of the triangle AA’B’. 


2703. Proposed by S. A. COREY, Albia, Iowa. 


Let Ai, Ao, As, As, and — (A; + Az + As + Ag) be the vector sides of a pentagon, plane or 
gauche. Let Bi, Bo, Bs, Bs, and — (B; + B: + B; + By) be the sides of a second pentagon, 


where 
By = + ¢2)Ai + (¢1 — €2) As, 
Bz = (cs + ¢3)Ag + — C3)A2, 
Bs = + ¢:)A2 + (2 — 
Bs = (€3 + c4)As + (€3 — €4)A1, 


C1, C2, Cs, and c, being ordinary scalars. 

Then, if a, and 6, are the lengths of the sides A, and B,, respectively, and if cos A,A, = cosine 
of the angle included between the sides A, and A,, and if cos B,B, = cosine of the angle included 
between the sides B, and B,, prove that 


+ (aya4 CoS A1A4 + cos A2A3) = bibs cos BiB, + bab, cos B3By. 
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2704. Proposed by WILLIAM HOOVER, Columbus, Ohio, 
A particle moves from rest under gravity down the arc of a parabola with the axis vertical 


and concavity upward; express the time to the vertex in terms of an elliptic integral of the second 
kind. 


2705. Proposed by PAUL CAPRON, U. S. Naval Academy. 
Find the area of a loop of the trochoid 


x = ja(8¢ — 4), y = 4a(3 — Cos ¢). 


2706. Proposed by HARRIS F. MACNEISH, New York City. 

Through a given point draw a straight line cutting a given straight line and a given circle, 
such that the part of the line between the given point and the given line may be equal to the 
part within the given circle. 


2707. Proposed by S. A. COREY, Albia, Iowa. 


Let a, b and c be the vector sides of a triangle. Construct another triangle with vector 
sides r, s and t, where 
r = ma — dnb, s = na+ (m+ en)b. 
Then prove that 


(m? + emn + dn?)(a? + eab cos (ab) + db?) = r? + ers cos (rs) + ds*, 
where d, e, m and n are any scalar quantities; a, b, r and s are the tensors, or lengths, of the sides 


a, b, r and s, respectively; and cos (rs) is the cosine of the angle between r and s when placed 
coinitially. 


2708. Proposed by WILLIAM HOOVER, Columbus, Ohio. 

A uniform plank of length 2a and thickness 2 rests in equilibrium on a fixed rough horizontal 
cylinder of radius c, so that a vertical plane containing the dimension 2a and the center of gravity 
of the plank is at right angles to the axis of the cylinder; find the period of a complete small 
oscillation of the plank. 


SOLUTIONS OF PROBLEMS. 


492. (Algebra). Proposed by ARTEMAS MARTIN, Washington, D. C. 


If two numbers, A and B, B > A, be selected at random, what is the probability that they 
have no common divisor? 


SoLuTION BY WARREN WEAVER, Throop College of Technology, Pasadena, Cal. 


The following treatment of this question is due to Tchebycheff, and has been taken from 
Fisher’s Mathematical Theory of Probability. 

If ps, ps, ***, Pn Genote respectively the probability that each of the primes 2, 3, 5, «++, n 
is not a common factor of A and B, then the probability that no prime number is a common 
factor is: E 

P= *** ad. inf. 
This follows from the multiplication theorem and the fact that the sequence of the prime numbers 
is infinite. 

By dividing any integer by the prime n we obtain besides the quotient a certain remainder 
that must be one of the following numbers, namely, 


0, 1, 2, 3, «++, (n — 1). 


Each of the remainders may be considered as a possible event. The probability of obtaining 0 
as a remainder is then 1/n. This same quantity is the probability that n is a factor of B. The 
probability that both A and B are divisible by n is therefore 1/n*. The probability that the 
numbers A and B do not both have the prime factor n is then: 
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Pn = 1 — 1/n’. 


P=(1-5) (1-5) (1-5) in. (1) 


This infinite product is shown to have the value: 


Hence, 


6 
P = 0.60793-++, 


It seems that there may perhaps be in this method a slight fallacy, however. For it considers 
the probability that two numbers A and B (A < B) do not each have the factor n, where n is 
any one of the infinite sequence of prime numbers. However large A be, it is finite, and there 
are therefore an infinite number of primes larger than A none of which, obviously, can be a factor 
of both A and B. It would seem, then, that after a certain finite point the terms of the infinite 
product (1) should all be unity. The point at which the terms should begin to be unity would 
depend in some complicated and unknown way upon the value of A—unknown, of course, because 
we do not have an analytical expression for the rth prime, to say nothing of an expression for the 
largest prime smaller than a given number. 

. If we consider a slightly different example this becomes clearer. Suppose we have given a 
positive integer A. What is the probability that the proper fraction A/B is in its lowest terms, 
B being chosen at random to have any positive integral value larger than or equal to A? By the 
previous reasoning it will be: 


p= (1-8) (1-8) (1-8) (1-4). 


where s = A if A be prime or s is the largest prime < A if A be not prime. For example, when 
A=15 


1 1 1 1 1 1 o 


a value which differs from P by only 1.67 per cent. 

Concerning the discussion here given to the result of Tchebycheff it is worth while to note 
that one may be led to incorrect intuitive conclusions because of the fact that we are unable to 
conceive of the process of taking a positive integer “at random.” We are likely to think of taking 
one out of the interval from 0 to, say, 10”, considering it from the biased point of view of practical 
experience exceedingly unlikely that we will get an integer from beyond this interval; while, 
as a matter of fact, the probability of obtaining by chance a positive integer within this interval 
is, of course, infinitely small as compared to the probability of the number coming from beyond 
this interval. 

Since, therefore, when A is picked at random the probability tat it will be less than, say, 
100 is very small indeed and since the result 6/x? is a very close approximation to the correct 
result for all cases when A turns out to be greater than 100 we may conclude that it is exceedingly 
likely that the result 6/7? is close to the true probability. A more exact statement or calculation 
of the a priori probability of this event seems beyond the possibilities of the theory. 


REMARKS BY RoGer A. JoHnson, St. Paul, Minnesota. 


This problem is known in the literature of the science of probability as Tchebycheff’s Problem. 

The chance that an integer A has as factor a given prime m is 1/m. The chance that both 
A and B, two integers, contain m as a factor is 1/m?._ The chance that they have not this factor is 
Pm = 1 — (1/m?). The chance that they have no common prime factors is 


a result evaluated by Euler. 
Some years ago, I observed this fact stated in a brief note in the Philosophical Magazine, 
and made an experimental verification. About 200 numbers were obtained, having three to five 


.digits each, the last digits being distributed uniformly among the values 0, 1, 2, ---, 9. These 


were placed in a box, drawn two at a time, and compared. When all were drawn, they were 
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replaced, mixed thoroughly, and the process repeated. It was previously decided to stop at the 
end of 600 trials. Throughout the work, the ratio of relatively prime pairs to total trials oscillated 
near the value .6, and at the conclusion, the number of relatively prime pairs was 364, a value 
surprisingly close to the correct theoretical value 364.8. Of course, an experiment involving, say, 
10,000 trials would be more satisfying, but this result is perhaps not without interest. 

493 (Algebra). Proposed by ALBERT BABBITT, University of Nebraska. 


Determine the coefficients b, c, d of the equation 2° + ba? + cx + d = 0 so that they shall 
be roots of the same equation. [From Supplemento a Periodico di Matematica.] 


SotutTion By H. S. Unter, Yale University. 
Since the coefficient of z* is + 1 and as b, c, d are to be roots, we have the following conditions: 
—b=b+c+d (1), c = be +cd + db (2), —d = bed (8). 


Equation (3) gives 
d=0 (4), or be = — 1 (5). 


Combining (4) with (1) and (2) we get 
2b+c=0 be —c = 0 (2’). 


Combining (5) with (1) and (2) we find 2b? + bd — 1 = 0 (1) andb’d —b —d+1 =0 (2”). 
Equations (1’) and (2’) lead at once to the two pairs of values b = 0, c = 0, and b = 1. 
c= —2. 
The factors of (2) give b = 1 andd = (b + 1)". 
Substituting b = 1 in (5) and (1’’) we find respectively c = —landd = —1. Replacing d 
by (6 + 1) in (1”) gives 
2b3 + 2b? —1 = 0. (6) 


The discriminant of (6) is positive so that this cubic has two complex roots and one positive 
real root. These roots may be expressed as 


b = 3[(46 + 6V57)"8 + (46 — 6V57)"5] — 4. 
The approximate value of the real root, b;, is 
b; = + 0.565,197,717,38. 
Accordingly, the complex roots are approximately 
b = 3[— (1 +1) + iv(bi + 1)(8bi — 1)), 
be = — 0.782,598,858,69 + 70.521,713,717,94, 
bs = — 0.782,598,858,69 — 10.521,713,717,94. 


or 


The corresponding values of c and d may be found by the aid of (5) and d = (b; + 1)", 
respectively. Finally, collecting all the results 


b | c | d 

0 0 

1 —2 0 

1 -1 -1 

bi — + 
be — bs | + 1)7 
bs — (bs + 1)7 


Also solved by J. E. Rows and the Proposer. 


524 (Geometry). Proposed by NORMAN ANNING, Somewhere in France. 


Many railways use as “easement curve” the cubic parabola. If points on such a curve are 
named by their distances measured along the curve from the point of inflection (“flat end’’) 
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show that, within the limits of ordinary practice, i. e., for angles so small that the difference 
between arc and sine is inappreciable, the deflection from tangent at m to set n is (n — m)(n + 2m) 
times the deflection from tangent at 0 to 1. 


SoLution By W. J. THome, Detroit, Michigan. 


Let the cubic parabola y = az* be constructed, and on it let the points named 0, 1, m, and n 
be represented by O, P, M, and N respectively. Through these points draw the lines parallel 
to the axes as shown in the figure. Also the chords OP @nd MN, and MT, the tangent at M. 


N, 
P M, 
—_ | x 
0 L Q R 


Since the angles are so small that @ = sin 0, we also have @ = tan@ and cos@ = 1. Also, an 
are of the curve, its chord, and the projection of either on the X-axis are all equal. Hence we have 


3 
LOP = tan LOP = = a(OL)? = a(OP)? = a(1)* = a, 
MN = _ SN _ RN — RS _ RN QM _ (OR) — a(0Q)' _ a(ON)* a(OM)? 
SMN = tan SMN = MS QR OR-0OQ &#£OR-OQ #  ON-OM 
= a(n)? — a(m)? _ a(n? — m*) _ 
= a(n? + nm + m?), 


4 SMT = tan SMT =“ = = 3a(09)* = 3a(0M)* = 3am’, 


4 TMN = 4SMN — 4 SMT 
= a(n? + nm + m?) — 3am? = a(n? + nm — 2m?) 
= (n — m)(n + 2m)a 
= (n — m)(n + 2m) X LOP. 
525 (Geometry). Proposed by C. N. SCHMALL, New York City. 


Given a quadrant of a circle AOB, where OA and OB are bounding radii, and a semicircle 
ACO having OA as a diameter and lying on the same side as the quadrant. Describe a circle 
which shall touch the two arcs and the radius OB. 


I. Sotution By W. J. Tuome, Detroit, Mich. 


Suppose the problem solved and the figure constructed. 

Let O and D be the centers of the two given circles and let E be the center of the required 
circle. Draw DE. Draw OE and extend it until it intersects the given quadrant at H. Through 
E draw EF and EG perpendicular to OA and to OB, respectively. 

The problem may be considered solved if we can obtain a value of EG, the radius of the 
required circle. Let OA = 2R,OD = R, and EG =r. Then OZ = 2R —r, DE = R +7, and 


> DF =R-—-r. Now OF — EG? = DE? — DF’, since OG? = FE?, or 
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= (R+r)? — (R—7r)*. 


Whence, 
oor = 40D. 
A 
Cc 
D 
E H 


II. Sotution By Horace Oxson, Chicago, Illinois. 


Let x and y be the codrdinates of the center of the required circle, referred to OB and OA as 
the positive directions on the x and y axes, respectively. Then by the conditions of the problem: 


2 
y=r—w+y, y= (5-9) 04; 


whence 
r—2ry—2?=0, and 2ry—2?=0. 


Subtracting, we have r? — 4ry = 0; whence y = 37 and « = +42r. The value x = + (r/2) v2 
is evidently the only one applying to this problem. The radius of the required circle is therefore }r. 


A solution similar to the second above was received from ELisan SwIFT. 


435 (Calculus). Proposed by B. F. FINKEL, Drury College. 

Show that is: 

Nw 

by a transformation rather than by the usual method of differentiating under the sign of integra- 
tion, as, for example, in Byerly’s Integral Calculus, pages 106-107. 


dy = 
0 


Note By Wiiu1aAm Hoover, Columbus, Ohio. 


On this interesting equation, reference may be made to an article by William Walton in the 
Quarterly Journal of Mathematics, Vol. XII, p. 181, On the Evaluation of a Pair of Definite 
Integrals, a few lines opening it being as follows: 

“The evaluation of the two definite integrals 


[28+ cosa cog (2 + 5) sin a \ dx, 


f cosa . gin (# sin a > dx 
0 x 


is effected in textbooks on the integral calculus by the substitution of an impossible expression 
for k in the known relation 
0 
“As such a method of arriving at the evaluation of definite integrals is regarded by eminent 
writers on the subject as suggestive rather than demonstrative, I think that the following evalua- 
tions of the two integrals in question may be of some interest to students.” 
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He proceeds with the demonstrations, occupying two and one half pages of the Quarterly, 
avoiding the methods he criticizes and that by differentiation referred to in Mr. Finkel’s problem, 
closing with the words “the results here obtained coincide, it may be remarked, with those given 
in Todhunter’s Int. Cal.” 

To solve Professor Finkel’s problem we need only put a = 0 in the first of the integrals 
mentioned by Walton. 


437 (Calculus). Proposed by LEIGH PAGE, Yale University. 
Integrate 
sin? x 
—,— dz 
2 
without the use of the gamma functions. 


I. SoLution By Oscar S. Apams, Coast and Geodetic Survey, Washington, D. C. 
By direct integration, we have 
~az, 1 
J é c= a 


Let a =a Then 
= — 
0 a 
or 


e-°*(cos Bx +7 sin Bxr)dz = 
By equating real and imaginary parts we obtain the two definite integrals 


J, cos Brdx = and sin Badx = 


a B 
a? + + 


Since the first of these integrals is a uniform function of 8, we have the relation 


B adg 


or 


dx = tan—. 
0 a 


200 
sin Bx B 
x 


This integral is also a uniform function of 6 in the region + 4 => tan™! é =>- = ‘ 


Hence, in this domain, we have 


dz me dp = ag 


— cos 22) 


or 


dz = 2 tan-1 — (a? + 4). 
a 2 


This is a uniform function of a. Hence, a can converge to zero. This gives 


© 2 sin? x 
— dr = 


0 


gin? x 
= 7, or 


Since sin? z/z? is an even function of 2, we have 


© gin? x gin? x 
f dz =2 —dz =n. 
2 0 


II. Sotution sy G. PAAswEL., N. Y. City. 


Since sin? z/z? is an even function of « we have 


a: 
r. 
= 
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sin? ax du sin 2ax 
dz =u; then R 3 


Place 


Hence, u = ra/2._ Upon placing a = 1, we have 


sin? x gin? x 
f dz ==, and —— dr=rn. 
0 


III. SoLuTIon BY THE PROPOSER. 
The definite integral 
+ sin? x 
ds 


is one of frequent occurrence in theoretical physics. As the text-books invariably seem to use 
gamma functions in evaluating this integral, the following integration without the use of other 
than the elementary functions may be of interest to lecturers in theoretical physics and to their 


students. We have 
+ 00 24 24 
sin 2 ie 


since the integrand is an even function of x. 
Consider 


Since the limits for the y integration are not functions of z, 
J. sin? xdrdydy = J sin? rdydydx 


evdz = and e-¥ cos = 
Hence, 


J. sin? xdzdydy = 2 +4) ~ 440 log (1 +55) dy 


Integrating the last expression by parts, 
1 fe 4 1 4 0 


The expression y log [1 + (4/y*)] is indeterminate for both limits. Evaluating it by the 
usual methods, it becomes zero for each. Hence, 


© gin? x © gin? x 
—— dt = = or dz =. 
2 2g? 


Solutions similar to the second above were received from W1LL1AM HoovER 
and PauL CaPRON. 

Solutions were received too late for credit in a previous issue of the MonTHLY 
as follows: From Pau Capron, 490 and 491 Algebra and 522 Geometry; from 
C. P. Soustey, 486 and 488 Algebra and 518, 520, 521, and 522 Geometry; 
from WILLIAM Hoover, 521 and 522 Geometry; and from C. C. YEN, 490 Algebra 
and 522 Geometry. 


Now 
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QUESTIONS AND DISCUSSIONS. 
SEND ALL comMMuNIcATIONS TO U. G. MircHELL, University of Kansas, Lawrence. 


DISCUSSIONS. 


y 
I. RELATING TO GENERALIZATIONS OF THE WITCH AND THE CISSOID. 


By Freperick H. Hopes, Franklin College. 


Suppose a circle given of radius a tangent to the z-axis at the origin and a 
second circle of radius 2a + k tangent to the first at the point where the y-axis 
cuts it and, hence, having (0, — /) as the coédrdinates of its center. We draw 
a radius vector (see figure), OS, through the origin making an angle ¢ with the 
x-axis and cutting the circles in the points R and S respectively. We draw a 
line through R parallel to the x-axis and a line through S parallel to the y-axis. 
We wish to determine the equation of the locus of P the point of intersection of 
these two lines as the radius vector revolves about the origin. 

From the figure it is readily seen that the parametric equations of the locus 
are 


a = OS cos ¢, y = OR sin ¢. 


Since OR = 2a sin ¢, we have y = 2asin? ¢ and sin? ¢ = y/2a. To determine the 
value of OS we connect C with S and in the e triangle OSC we have, by the law of 
cosines, C'S? = (2a + k)? = kh? + OS? — 2k OS cos (90° + ¢) = k2? + OS? + 2k OS 
sing. Hence, OS?+ 2k OS sin ¢ — 4a? — 4ak = 0. This gives the desired value 
for OS, 

OS = —ksing+ V4a? + 4ak + F sin’? 4, 
from which we have 


x=(—ksng+t V 4a? + 4ak + k? sin? cos ¢. 


Transposing the — k sing cos ¢, squaring and simplifying by means of the 
relation y = 2a sin? ¢, we obtain the desired equation: 


— 2(a + k)(2a — y)P = — y’). 


Except for particular values of k& this is a fourth-degree equation and the 
locus passes through the points (0, 2a) and (+ 2 Va(a-+ k), 0). 

If k = 0 the equation reduces to the parabola x? = — 2ay + 4a’. 

If k = ©, the larger circle becomes a straight line and the construction is 
identical with the well-known construction giving the witch of Agnesi. To verify 
the fact that the witch is a member of the family of curves we have under con- 
sideration we take the equation in the form 


V 2ay — y? = 2(a + k)(2a — y), 
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divide by k and then let k approach ©. The equation then reduces to 
—a V2ay — y? = 2a(2a — y) or a’y = 40°(2a — y), 


which is the equation of the witch. 

To obtain a generalization of the cissoid, take a radius equal to OR and 
with S as center cut SO at P’ (see figure). We proceed to show that the locus 
of the point P’ as the radius vector revolves about the point QO is such a curve. 


From the figure, 
OP’ = OS — P’S = OS — OR. 


From the work above we have 
OS = —ksin g+ V4e? + 4ak + F sin? ¢, 
OR = 2a sin ¢. 


Hence, the locus of P’ is given in polar codrdinates by the equation 
= — (k+ 2a) sng+ V4a? + 4ak + k? sin? ¢. 


Transforming from polar to rectangular codrdinates and simplifying, the 
equation becomes 


(a? + + 2(b + 2a)y(a? + = 4a(a + 


This gives a quartic curve very much like the cardioid in appearance. It 


passes through the points (0, 0), (2Vva(a+ k), 0) and (0, —2~vk+ 2a). If 
both sides of the equation be divided by k and k allowed to approach infinity 
the equation approaches the limiting form y* = 2°(2a — y), which is the equation 
of the cissoid (a and y being interchanged from the usual form). Obviously as & 


d 
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approaches infinity the larger circle approaches a straight line and the construc- 
tion merges into the classic construction for the cissoid. 


II. To A Geometric PRooF oF A THEOREM ON COLLINEATIONS. 
By James H. Weaver, Hilliard, Ohio. 


The relations between double elements of a collineation in space (by which 
is meant a three-space, unless otherwise stated) have been discussed analytically, 
use being made of the characteristic equation of the collineation and of the 
properties of elementary divisors.! Enriques, in his Projective Geometrie (Leipzig, 
1903), has shown geometrically that if a collineation in a plane has a double 
point it has a double line. It is here proposed to prove the 

THEOREM. [If a collineation in space has a double point, it has a double plane. 

If the collineation is perspective the theorem is evident. Suppose, then, that 
the collineation is non-perspective. 

Let A be a double point of a non-perspective collineation z and let a be a line 
through A. Then z= sets up the following correspondence 


2K 3K 
Let B and C be two distinct points on a different from A. Then 
BRB xB xB x Bs, 


where B; is on a; (¢ = 1, 2, 3, 4), and similarly for the C’s. Let the intersection 
(BB,, CC;) = D. Since A is a self-corresponding point, D will be independent 
of the points Band C. Also, let (B;B;, C:C;) = D;, = 1, 2,3,7 = i+ 1). 

If a, a; and az are coplanar the theorem is evident and the double plane 
contains also a double line. 

If a, a; and az are not coplanar, D, is not on plane [aa]. Let the line DD, 
meet the plane [aa] in some point E, and let us assume C so chosen that £ lies 
on CC;. Let = E; is on and also on the plane [CCi, 
Hence D, D;, Dz and D; are coplanar and the plane containing them is a double 
plane. 

By duality, 2f a collineation in space has a double plane it also has a double point. 

The method here used for establishing the theorem for a three-space is general 
and can be applied to an n-space giving the theorem that if a collineation in an 
n-space has a double point it has a double (n — 1)-space. This method of proof 
when applied to collineations in a plane is somewhat simpler than that of Enriques 
mentioned above. 


1 Segre, “Sulla teoria e sulla classificazione delle omografie in un spazio lineare ad un numero 
qualunque di dimensioni,” Reale Accad. dei Lincei, Serie 3a, Bd. XIX, 8S. 6. See also Muth, 
Theorie und Anwendung der Elementartheiler, Leipzig, 1899; Veblen and Young, Projective Geom- 
etry, Vol. I, Boston, 1910; Bécher, Introduction to Higher Algebra, N. Y., 1912; Newson, ‘““A New 


Theory of Collineations,” Amer. Jour. Math., Vol. XXIV. 
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UNDERGRADUATE MATHEMATICS CLUBS. 
Epitrep spy R. C. ArcuipaLp, Brown University, Providence, 


CLUB ACTIVITIES. 


THE MATHEMATICS AND Puysics CLUB OF THE UNIVERSITY OF ALABAMA, 
University, Ala. 


This club was founded in November, 1916, under the name Mathematics 
Club, but at the second meeting this year the name was changed to that indicated 
above. The object of the club as stated in the constitution is “to encourage 
interest in mathematical and physical science at the University of Alabama and 
to facilitate the acquaintance of persons at the University who are interested in 
mathematics and physics.” The average attendance at meetings now is about 
12 although as many as 50 have been present at special meetings. 
The officers for 1917-18 are: President, Robert F. Leftwich ’18; secretary- 
treasurer, Donald H. Thornbury 18. The program committee consists of these 
officers and of Professor Tomlinson Fort, the head of the department of mathe- 
matics. The following programs were given during the autumn of 1917: 
October 15: “Fourth Dimension” by David Skolnick 719; “Duplicating the 
Cube” by Robert T. Milne, instructor in mathematics. 

November 7: “Curves in the Physical and Chemical Laboratories” by Maurice 
B. Amise 718; “John Napier” by Reginald C. Smith 719. 

December 1: “Mathematics in Artillery Practice” by Robert F. Leftwich ’18. 

December 7: “Curved Flight of a Base-ball and similar Problems” by Donald 
H. Thornbury ’18. 


BaRNARD COLLEGE MaTHEMATIcs CLuB, Columbia University, New York, N. Y. 


This club was founded in 1909, in order “to foster an interest in mathematics.” 
All students who are taking or who have had the equivalent of a course in analytics 
and elementary calculus are eligible for membership. There are now about 40 
members and the average attendance is 25. The club is entirely in the hands of 
students who elect each year an honorary president from among the members 
of the mathematics faculty. This officer takes no part in the affairs of the club 
except in an advisory capacity. 

The officers of the club for 1917-18 are: Honorary president, Dr. George W. 
Mullins; president, Ellen Leut ’18; vice-president, Viola Williams ’18; treasurer, 
Sophie Schulman ’18; secretary, Mary Wellick ’18; program committee: Fannie 
Rubenstein 718, Sophia Koerner 719 and Verenica Jentz ’20. 

Each November the club has its annual dance and once a year the alumne 
of the club are called together and the program is in the nature of an alumne 
report. The following programs were given j1 1916-18: 

October, 1916: “Dynamic Trajectories” by Professor Edward Kasner. 
November: “Non-homogeneous Coérdinates” by Eugenia Hausle ’17. 
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December: “Fourth-Dimensional Vistas”! by Beatrice Walker ’17. 

February, 1917: “Non-Euclidean Geometry” by Helena Bausch 717; “ Measure- 
ments of Time” by Sophie Schulman ’18. 

March: “Mathematics of Navigation” by Harold Jacoby, professor of astronomy 
in Columbia University. 

April: “Paper Folding” by Mary Welleck ’18; “Geometrical Puzzles” by 
Fanny Rubenstein ’18. 

May: “Women in Science” by Professor Kasner; “Mathematical Fallacies” 
by Dr. Charles A. Fisher, instructor in mathematics; “Mathematics of 
Business”’ by Dr. George W. Mullins. 

October 15, 1917: Opening meeting. Informal addresses by Professor Frank N. 
Cole, and Dr. G. W. Mullins and Dr. Kenneth W. Lamson, instructors in 
mathematics. 

December 7: “Generalizations of Elementary Mathematical Concepts” by 
Professor Thomas S. Fiske. 

January 15, 1918: “An Introduction to Projective Geometry” by Gretchen 
Torek ’19; “Mathematical Card Tricks” by Fanny Rubenstein 718; “Magic 
Squares” by Dorothy Jacobs ’18. 

February 19: “Curve Families” by Dr. G. W. Mullins. 

March 15: “Correlation and Graphical Methods” by Helena Bausch 717 and 
Evelyn Davis ’17, now in the research department of the American Tele- 
phone and Telegraph Company. 

April 30: “ Infinite Series” by Joyce Buckbee, ’18. 


MatTuematics oF CoLtumBIA UNIvEersiTy, New York, N. Y. 


In order “to stimulate and further the interests of mathematical scholarship 
amongst undergraduate students” and first-year graduate students at Columbia 
University the Junior Mathematical Colloquium was organized in November or 
December, 1910. Three years later this developed, under the supervision of 
Professor Herbert E. Hawkes, into the present more formal'club with a constitu- 
tion. The moving spirits in the founding of the colloquium were Professor 
Charles C. Grove and Dr. N. J. Lennes whose activity at the University of 
Chicago along similar lines has been already referred to in these columns. 

The officers for 1917-18 are: President, William L. Schaaf ’19; vice-president, 
Russell D. Burdick ’19; secretary-treasurer, Francis W. Rogers 19. The execu- 
tive committee (which acts as program committee) is composed of “ officers of 
the club and a member of the Faculty of Columbia University nominated by the 
Mathematics Department of Columbia University.” This faculty adviser is 
now Professor C. C. Grove. The attendance at the meetings last year varied 
from 9 to 32 with an average of about 19; the average attendance this year is 
about 14. 

The following are programs of meetings 1916-18: 


1 Four-Dimensional Vistas is the title of a book by C. Bradgon (New York, A. A. Knopf, 1916). 
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October 16, 1916: “Algebraic Methods of Solving Quadratic Equations” by 
Franklin Hollander ’19. 

October 30: “Graphical Solution of Quadratic Equations” by Emil A. Goerlich 
19. 

November 13: “Life of Emory McClintock, Columbia’s Greatest Graduate in 
the Field of Mathematics” by Professor Thomas S. Fiske. 

November 27: “Geometric Constructions of the Cubic” by Professor Henry B. 
Mitchell. 

December 18: “Some Theorems on the Cubic” by Charles J. Hyman ’17. 

January 8, 1917: “ Discussion of the Kind of Points in a Plane necessary to carry 
out the Geometry of Euclid” by Lewi Tonks 717. 

February 19: “ Why is a Conic?” by Richard Wagner, Jr. ’18. 

March 5: “Logarithms in General of Complex Numbers” by William L. Schaaf 
19. 

March 19: “Equal Area Maps” byIsrael Koral ’20. 

April 2: “Rotating Figures” by William Malisoff Gr. 

April 23: “The Path of a Projectile” by Dr. Charles A. Fischer, instructor in 
mathematics. 

October 29, 1917: “Descartes and his Theory of Equations” by Professor 
William B. Fite. 

November 12: “Sturm’s Function” by George Dean ’20; “Perspective Tri- 
angles” by Charles P. Davis ’20. 

November 26: Problems proposed for solution. 

December 4: Informal discussion meeting. Solutions of problems set at the 
last meeting. 

December 17: “Quaternions” by Victor Schachtel 719. 

February 18, 1918: “Two Proofs of the Fundamental Theorem of Algebra”’ by 
Alfred M. Michaelis ’21 and William L. Schaaf 719. 

March 4: “Theory of Transfinite Numbers” (Cantor) by Franklin Hollander ’19. 

March 18: “Mathematics in the Science of Physics” by Leon Morris ’19. 

March 25: “Dimensionality” by Israel Koral ’20. 

April 8: “General Theory of Relations” by Professor Cassius J. Keyser. 

April 22: “ Paradoxes of the Infinite” ! by Moses Davis ’20. 


Tue EvciipEaN CrrcLe oF Inp1aANA University, Bloomington, Ind. 


This club was organized in September, 1907. In 1916-17 there were about 
25 members and the attendance at each meeting was 10-12. During the current 
year it was not found feasible to reorganize the Circle. 

Those qualified for membership have been students majoring in mathematics, 
juniors, seniors, graduates, and members of the mathematical faculty. The 
object of the organization was to make its members “better acquainted with the 
history of mathematics.” “A club picture has been taken each year.” 

1B. Bolzano’s Paradoxien des Unendlichen (first published in 1850, after his death; facsimile 


reprint: Berlin, Mayer und Miiller, 1889) has been more than once the basis of lectures by 
Schwarz at the University of Berlin. 
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Tue MATHEMATICAL AND PuysIcAL SocIETY OF THE UNIVERSITY OF TORONTO, 
Toronto, Ontario. 


Among the existing undergraduate clubs of America this one is notable in 
more ways than one. In the first place it is the most venerable, since its thirty- 
sixth birthday is already a thing of the past. In the second place it has published 
three slight volumes of its proceedings.! The society was founded on January 
27, 1882, when the report of a committee appointed to draw up a constitution 
was adopted and the following officers were elected: President, W.S. Loudon Gr.; 
vice-president, J. M. Clark; secretary-treasurer, D. Burns; corresponding secre- 
tary, T. G. Campbell; councillors: Faculty of Arts, A. H. McDougall (4th year), 
G. I. Riddell (3d year), T. Mulvey (2d year), G. H. Hogarth (1st year); School 
of Practical Science, D. Jeffrey (3d year), —— Fotheringham (2d year). Of 
these officers Mr. Loudon is now professor of mechanics in the University of 
Toronto; Mr. Clark -is a well-known lawyer of Toronto; Mr. McDougall is 
principal of the Collegiate Institute at Ottawa and Mr. Mulvey is Under Secretary 
of State at Ottawa. 

A few years later when the students in the School of Practical Science became 
sufficiently numerous they seceded and formed the Engineering Society. 

At first a graduate was chosen president, the other officers being under- 
graduates. Some years ago the constitution was changed, so that a graduate was 
to be honorary president and undergraduates were to hold the active offices. 
The officers for 1917-18 are as follows: Honorary president, Dr. John Satterly, 
assistant professor of physics; president, Norris E. Sheppard ’18; vice-president, 
William W. Shaver ’19; secretary-treasurer, Everett O. Hall ’19; corresponding 
secretary, Hazel C. Miller ’18; representatives of classes: Harry E. Foreman ’18, 
Mary M. Stephens 719, William S. Vaughn ’20, Donald F. Shugart ’21. 

The object of the society is “the encouragement of study and original research 


1 Since the editions of these publications were very small, and long since exhausted, and since 
particulars concerning them are lacking in all mathematical bibliographies, it may be well to put 
some details on recordhere. The title page of each part: Papers read before the Mathematical and 
Physical Society of Toronto University during the year(s) 1890-91 [1891-92] (1892-93, 1893-94), 
Toronto: Rowsell and Hutchison, Printers, King Street East, 1891 [1892] (1895). Pages 60 
[60] (54). 

Contents, Part 1: A. Baker, “Poetic Interpretation in Mathematics,” pp. 7-21; A. T. De 
Lury, ‘On Certain Deductions from the Theorem of Dr. Graves,” pp. 22-30; A. C. Chant, 
“The Structure of Matter,” pp. 31-42; F. Sanderson, “The Law of Human Mortality and its 
Place in Science,” pp. 43-54; R. Henderson, ‘‘Newton’s Laws of Motion,” pp. 55-59. Part 2: 
W. J. Loudon, “ Musical Scales, Their Origin, Formation, and the Physical Relation Which They 
Bear to Music,” pp. 5-18; I. E. Martin, “The Religion of Algebraic Curves,” pp. 19-32; C. A. 
Chant, ‘The Wave Theory of Sound,” pp. 33-47; W. Gillespie, ‘Some Trigonometrical Expan- 
sions,” pp. 48-53; G. R. Anderson, ‘ Measurement of Time,” pp. 54-60. Part 3: “On the Non- 
Euclidean Geometry,” pp. 6-28 [a translation by A. T. DeLury of the “Note sur la géométrie 
non-euclidienne” in the Traité de Géométrie of Rouché et de Comberousse]; J. C. Glashan, 
“Elementary Proof of a Theorem in Trigonometry,” pp. 29-32; C. A. Chant, ‘The Development 
of Electricity,” pp. 33-46; A. M. Scott ’96, “Geometrical Representation of the Special Roots 
of Unity” (abstract), pp. 47-49; Miss J. S. Hillock ’95, “Laplace” (abstract), p. 50; G. W. 
Rudlen ’94, “The Quadrature of the Circle” (abstract), pp. 51-52; Miss A. Lindsay ’93, “ Maria 
"Gaetana Agnesi’”’ (abstract), pp. 53-54. 
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in mathematics and physics, and the preservation of the results of such work.” 

All the special students in mathematics and physics are considered members— 

about 75 now—and the average attendance at meetings is about 50. 

“Tn earlier years the solution of problems was a feature of each program but 
that has been discarded and light refreshments have been introduced.” The 
programs! for 1916-18 are as follows: 

November 2, 1916: Opening meeting, social; “ Aircraft,” an address by John C. 
McLennan, professor of physics. 

November 16: “Cultural Advantages of the Mathematics and Physics Course”’ 
by Herbert R. Rowan ’17 (“To strive, to seek, to find, and not to yield’’) ;? 
“Science versus Art,” Discussion led by Mabel Campbell 719 and James B. 
Russell 719 (“ For, even though vanquished, he could argue still’). 

November 30: “Our Society’s Past” by Clarence A. Chant, associate professor 
of astrophysics (“Lives of great men all remind us’); “Experiments on 
Probability” by Norris E. Sheppard ’18. 

December 14: “Newton” by Aylmer B. Paisley ’20 (“And still the wonder 
grew”); “The Moon: a look at our next neighbor” by Janet M. Halliday ’18. 

January 11, 1917: “Societies to which mathematics and physics students may 
aspire” by Professor John C. Fields (“Held from afar, aloft, th’ immortal 
prize And urged the rest, by equal steps to rise”); “ Experiments on Light” 
by Albert R. Self ’17. 

January 25: “Euclid” by William W. Shaver 719 (“Let us begin and carry up 
this corpse, Singing together”); ‘“ Mathematical Symbolism” by James C. 
Thompson 718 (“Earth hath not anything to show more fair”’). 

February 8: Open Meeting (“Up, up my friend and quit your books”). 

February 22: “Life Assurance” by William A. Jackson ’17 (“ Yet the strong man 
must go”); “Experiments in Heat and Mechanics” by Professor John 
Satterly (“While we sat wrapt in wonder”), 

March 8: Annual Business Meeting (“The old order changeth, Yielding place 
to new”). 

November 8, 1917: Opening meeting. “George Russell” by Professor Alfred 
T. DeLury. 

November 22: “The ancient Mathematicians” by Douglas H. Blatchford ’18; 
“Germany and the Germans” by Professor John C. Fields. 

December 6: Graduates’ meeting. “Life in an Actuary’s Office” by Janet 
Holmes ’17; “Mathematicians of the Middle Ages” by William A. Jackson 
"17; “Spectra” by Florence M. Quinlan ’17. 

December 13: Social meeting. 

January 10, 1918: “Mathematics of Modern Times” by Mabel C. Childs ’18; 
“J. J. Thompson” by Ernest R. I. Pratt ’18. 

January 27: Debate between First and Second Year Students. 


1 For many years programs have been issued annually in printed form. 
2 After most of the titles on the printed program for 1916-17 were quotations, such as this, 
in small type. 
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February 9: Open meeting. “Eclipses” by Professor Clarence A. Chant. 
February 21: “Faraday” by Ila B. Giles 719; “The Mathematics and Physics 

Courses at the Royal College of Science, London” by Professor John Satterly. 
March 7: Annual Business Meeting. 


Matuematics Cius, The Western College for Women, Oxford, Ohio. 


This club was organized in 1905 “to stimulate interest in certain phases of 
mathematics which, while closely related to class work, do not fall directly under 
it. The members include those in the elective mathematics classes and the 
teaching staff of the department. For the current year there are 25 student and 
3 faculty members. There are no officers; the seniors take turns in looking after 
the meetings. The programs for the past three years are as follows: 

December 6, 1915: “Some Constructions leading to Conic Sections” by Frances 
Orr, instructor in mathematics; “A Problem in Factoring” by Kathleen 
Banker ’16; “ Parallelograms inscribed in a Rectangle” by Mary C. Little 
16; “A few Classic Unknowns in Mathematics,” report of G. A. Miller’s 
article in Scientific Monthly, October, 1915, by Helen McBride 716. 

February 14, 1916: “Higher Plane Curves, their use in Mechanics” by Harriet 
Rice ’16; “Higher Plane Curves, their Application to Geometrical Con- 
structions” by Ginevra E. McCoy 717; “Mathematics in Dr. Eliot’s Five- 
Foot Shelf of Books,” report of W. H. Bussey’s article in this Monruty, 
June, 1915, by Norrine DeLaney *17; Current Topics. 

March 13: “Number Systems of the North American Indians”! by Ethel S. 
Sebald ’17; “Early History of Mathematics in the United States” by Marie 
Pearson 717. 

October 23, 1916: Picnic. 

November 20: “The Triangle and its Circles”? by Edna P. Pepper 718; “A 
Circle Theorem” * by Anna S. Armstrong *17; “Elementary Proof of a 
Theorem on the Circle due to F. Morley,” report of T. Dantzig’s article in 
this Monruiy, September, 1916, by Mary C. Little, assistant in mathe- 
matics; “Recent additions to the mathematics library” by Annie C. Crane 
719 and Edna Berkele ’19. 

January 22, 1917: “Greek Methods of Solving Quadratic Equations” * by Ethel 
S. Sebald 717; “Some modern Solutions of the Quadratic” by Anna S. Arm- 
strong ’17; “Graphic Solution of y = x”” by Mary R. Shipp ’18; Report on 


1W. C. Eells’s paper with this title appeared in this Monruty, November and December, 
1913. 

2 The following pamphlet on this subject has been published: W. H. Bruce, Some Noteworthy 
Properties of the Triangle and its Circles (Heath’s Mathematical Monographs, No. 8). Boston, 
Heath, 1903, pp. 28. 

3 R. A. Johnson’s article with this title appeared in this Monruiy for May, 1916. It was 
followed by A. Emch’s “Remarks on the Foregoing Circle Theorem.” The theorem in question 
(“If three equal circles are drawn through a point, the circle through their intersections is equal 
to each of them’’) was announced by Michail Manoilescu in L’Education Mathématique, 1 Mai, 
1910, 12 année, p. 128. 

4 W. C. Eells’s paper with this title was published in this Monruty, January, 1911. 
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“Robert of Chester’s Latin Translation of the Algebra of Al-Khowarizmi”’ ! 
by Ginevra E. McCoy 17; Current Topics by Mary E. Spencer 719, Rhoda 
E. Trook and Dorothy M. Wilkinson ’19. 

March 5: “On the Representation of Large Numbers and Infinite Processes,” 
report of A. Emch’s article in Scientific Monthly, March, 1916, by Jessie P. 
Wise 718; “Rithmomachia and other number games”? by Sarah M. Sloan 
718; “Perfect Numbers” by Ginevra E. McCoy ’17; “A Curious Convergent 
Series” * by Mary C. Little, assistant in mathematics. 

October 22, 1917: Reception for Dr. Ettalene Grice ’08, who is assisting in reading 
some of the Babylonian tablets in the Yale Museum; she gave a talk on 
the “ Mathematics of the Babylonians.” 

October 29: “Magic Squares” by Helen T. Anger 719 and Sena M. Sutherland 
18; “Some Peculiar Properties of Numbers” by Edna M. Sebald ’18. 
November 26: “Common Geometric Forms in Art” by Annie C. Crane ’19 and 

Jessie P. Wise 718; Current Topics by Helen B. Griesmer ’20. 

February 11, 1918: “The Three Famous Problems of Antiquity”: (a) “The 
Trisection of an Angle” by Mary E. Thomas 718; (b) “The Duplication of 
the Cube” by Mary R. Shipp 718; (c) “The Quadrature of the Circle” by 
Sarah M. Sloan ’18. 

March 4: “Certain Typical Problems, their Origin and History” by Edna P. 
Pepper 718 and Mary E. Spencer 719; Current Topics by Edith M. Sawin ’19. 

April 15: “The Fourth Dimension” by M. Lucile Brown, instructor in mathe- 
matics. 

“ At the close of each program a little time is devoted to informal discussion 
and a cup of tea.” At Western College it is felt that even the few meetings of 
the club held each year “give a tremendous impetus to the genuine interest in 
the work of the department.” 


TOPICS FOR CLUB PROGRAMS. 


Addendum: In the last line of Topic 5 add, after L’ Education Mathématique, 
1913, Vol. 15, pp. 161-163; Vol. 16, pp. 1-3, 13-15. 


9.4 GOLDEN SECTION. 


In the Elements of Euclid (who flourished about 300 B. C.), the following 
propositions occur: (1) “To cut a given straight line so that the rectangle con- 
tained by the whole and one of the segments is equal to the square on the remain- 
ing segment (Book II, proposition 11); (2) “To cut a given finite line in extreme 


1 With an Introduction, Critical Notes and an English Version by L. C. Karpinski, New York, 
Macmillan, 1915. 

2The Teachers College Record for November, 1912 (Vol. 13, pp. 385-495), is devoted to 
articles on “Number Games and Number Rhymes” by D. E. Smith, C. W. Hunt, F. J. Flynn, 
C. C. Eaton, R. K. Atwell and F. B. Selkin. Chapter 3 (pp. 413-422) on ‘“Rithmomachia, the 
great medieval nuhber game” by D. E. Smith and C. C. Eaton is reprinted, with a few modifica- 
tions, from the AMeRIcAN MatuematicaL Monrtaty, April, 1911. A bibliography is given on 
page 495. 

3 F, Irwin’s paper with this title appeared in this Monruiy, May, 1916. 

4 The reader is reminded of the statement introducing Topic 8 in the last issue of the MonTHLY; 
topics 8, 9 and 10 were selected from those which arise in the discussion of various forms of growth. 
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and mean ratio” (Book VI, proposition 30).1_ While these propositions are 
equivalent in statement the methods of construction given by Euclid are quite 
different. There can be little doubt that the construction in the second is due 
to Euclid and in the first to the Pythagoreans (fifth century B. C.). The result 
is used “To construct an isosceles triangle having each of the angles at the base 
double of the remaining one” (Elements, Book IV, 10) and this leads to the 
construction of a regular pentagon (Book IV, 11). 

In the Elements, book XIII, the first five propositions, which are preliminary 
to the construction and comparison of the five regular solids, and deal with prop- 
erties of a line segment divided in extreme and mean ratio, are usually attributed 
to Eudoxus who flourished about 365 B. C. Proclus tells us that Eudoxus 
“greatly added to the number of the theorems which Plato originated regarding 
the section”; scholars agree that “the section” refers to the division in extreme 
and mean ratio. 

The so-called book XIV of Euclid’s Elements, written by Hypsicles of Alex- 
andria between 200 and 100 B. C., contains some results concerning “the section.” 

In recent times the name golden section has been applied to the division of 
a line segment as above? in the ratio (V5 — 1) :2. Terquem believed that the 
expression “extreme and mean ratio” (which is an exact translation of Euclid’s 
Greek phrase) is “ une réunion de mots ne présentant aucun sens,” * and following 
J. F. Lorenz (1781) employed the term “continued section.’”’ 'Terquem has also 
suggested :* “diviser une droite décagonalement.” Leslie introduced the term 
“medial section.”® “Divine proportion” was used by Fra Luca Pacioli in 
1509° and possibly earlier by Pier della Francesca;’ “sectio divina” and “pro- 
portio divina” occur in the writings of Kepler. 


1 These enunciations are taken from The Thirteen Books of Euclid’s Elements translated with 
introduction and commentary by T. L. Heath, 3 vols., Cambridge, at the University Press, 1908. 
For statements in connection with our discussion see particularly, Vol. 1, pp. 137, 403; Vol. 2, 
p. 99; Vol. 3, p. 441. 

2 The earliest instances which I find of the use of the term golden section are in J. Helmes, 
“Eine einfachere, auf einer neuen Analyse beruhende Auflésung der sectio aurea, nebst einer 
kritischen Beleuchtung der gewéhnlichen Auflésung und der Betrachtung ihres pidagogischen 
Werthes.” Archiv der Mathematik, Grunert, Band 4, 1844, pp. 15-22; in A. Wiegand, Geo- 
metrische Lehrsdtze und Aufgaben, Band 2, 1. Abtheilung, Halle, 1847, p. 142; and also in A. 
Wiegand, Der allgemeine goldene Schnitt und sein Zusammenhang mit der harmonischen Theilung . . 
Halle, 1849. 

3 Nouvelles annales de mathématiques, Paris, tome 12, 1853, p. 38. 

4 Journal de mathématiques pures et appliquées, Paris, tome 3, 1838, p. 98. 

5 J. Leslie, Elements of geometry, geometrical analysis and plane trigonometry, Edinburgh, 1809, 
p. 66. 

6 Divina proportione opera a tutti gli ingegnt perspicaci e curiosi necessaria que ciaseum studioso 
di philosophia: prospettiva, pictura, sculptura, architectura: musica: e altre matematice ... 
Venetiis . . . 1509. Although not printed till 1509 the manuscript of this work was completed 
in 1497. The geometrical drawings were made by Leonardo da Vinci. Another edition of the 
Latin text ‘“herausgegehen, iibersetzt und erliutert von C. Winterberg’”’ appeared at Vienna 
(Griser) 1889. Another edition 1896, 6 + 367 pp. A full analysis of Pacioli’s work is to be found 
in A. G. Kastner, Geschichte der Mathematik . . . Band I, Gottingen, 1796, pp. 417-449. See 
also M. Cantor, Vorlesungen tiber Geschichte der Mathematik, Band 2, 2. Auflage, Leipzig, 1900, 
pp. 341 ff., 347. 

7It has been shown by G. Mancini that parts of Pacioli’s Divina proportione were taken 
from a Vatican manuscript by Pier della Francesca. See (1) G. Pittarelli, Atti del IV. Congresso 


2 
la 
b 
in 
t 
n 
id 
id 
1e 
of 
n 
of 
n 
l- 
e 
Aly 
e 
n 


234 UNDERGRADUATE MATHEMATICS CLUBS. 


Pacioli’s work was doubtless influential in inspiring a certain amount of 
mysticism in the consideration of golden section by later writers. In a work 
published in 1569, P. Ramus associates the Trinity with the three parts of golden 
section. A little later Clavius wrote of its “god-like proportions.” As noted 
above Kepler declared himself similarly. He said also: “Geometry has two 
great treasures, one is the Theorem of Pythagoras, the other the division of a 
line into extreme and mean ratio; the first we may compare to a measure of gold, 
the second we may name a precious jewel.” ! 

There is an interesting passage on golden section by Albert Girard in his 
edition of Stevin’s works.? Girard gives a method of expressing the ratio of the 
segments of a line (cut in golden section) in rational numbers that converge to the 
true ratio. For this purpose he takes the sequence 


(1) 0, 1, 1, 2, 3, 5, 8, 18, 21, ---, 


every term of which (after the second) is equal to the sum of the two terms that 
precede it, and says, after Kepler, any number in this progression has to the 
following the same ratios (nearly) that any other has to that which follows it. 
Thus 5 has to 8 nearly the same ratio that 8 has to 13; consequently any three 
consecutive numbers such as 8, 13, 21 nearly express the segments of a line cut 
in golden section. Since the fractions 


1? 29 3» 31> 

are the various convergents of the continued fraction 
1 


Maupin reasons with force (after taking into account all which follows in the note) 
that Girard was probably familiar with the elements of continued fractions. 
Simson interprets Girard’s reasoning differently. In notes on the next topic I 
shall have occasion to return to the remarkable series (1) and (2). 


dei matematici, tomo 3, Roma, 1909; (2) G. Mancini, “‘L’opera ‘De Corporibus Regularibus’ 
di Pietro Franceschi detto Francesca usurpata da Fra Luca Pacioli” (con dodici tavole) Reale 
accademia dei Lincei, 1915. See review by F. Cajori in this Monruty, Vol. 23, 1916, p. 384. 
(3) G. B. de Toni, “Intorno al codice sforzeszo ‘ De divina proportione’ di Luca Pacioli e i disegni 
geometrici di quest’ opera attributi a Leonardo da Vinci,’’ Modena Soc. dei naturalisti e matematici, 
atti, 134, 1911, pp. 52-79. 

1 Exact references to sources, and some quotations from originals, are given in (1) J. Tropfke, 
Geschichte der Elementar-Mathematik, Band 2, Leipzig, Veil, 1903; (2) F. Sonnenburg, Der 
goldne Schnitt. Beitrag zur Geschichte der Mathematik und ihre Anwendung. (Progr.). Bonn, 1881. 
(Not always reliable). 

2 Les ewvres mathématique de Simon Stevin revues, corrigées et augmentées par A. Girard. 
Leyde, 1634, pp. 169-170. The passage in question is reprinted with commentary in G. Maupin, 
Opinions et curiosités touchant la mathématique (deuxiéme série), Paris, 1902, pp. 203-209. It has 
been discussed also by R. Simson, Philosophical Transactions, 1753, Vol. 48, pp. 368-377. 
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In the nineteenth century the literature of golden section is by no means 
inconsiderable. It includes at least a score of separate pamphlets and books 
and many times that number of papers. In numerous, voluminous and rather 
unscientific writings A. Zeising! finds golden section the key to all morphology 
and contends, among other things, that it dominates both architecture and music. 
A distinctly new line was set under way by Fechnes who applied scientific experi- 
mental method to the study of esthetic objects.2 He was led to the conclusion 
that the rectangle of most pleasing proportions was one in which the adjacent 
sides are in the ratio of parts of a line segment divided in golden section.’ 

Sir Theodore Cook discusses‘ golden section from some new points of view in 
connection with art and anatomy, and the writings of F. X. Pfeifer? remind one 
both in subject matter and style of treatment of Zeising’s publications. 

For mathematical treatment of problems in golden section, in ordinary or 
generalized form, see also the papers by C. Thiry® and R. E. Anderson,’ E. 
Catalan’s Théorémes et Problémes de géométrie élémentaire® and Emsman’s program® 
containing more than 350 relations and problems. 


10. A Frsonacct SERIEs. 


Foremost among mathematicians of his time was Leonardo Pisano (also 
known as Fibonacci) who flourished in the early part of the thirteenth century. 
His greatest work is Liber abbaci “a Leonardo filio Bonacci compositus, anno 
1202 et correctus ab eodem anno 1228.” It was first printed in 1857. 


1 For example (1) Neue Lehre von den Proportionen des menschlichen Kérpers aus einem bisher 
unerkannt gebliebenen, die ganze Natur und Kunst durchdringenden morphologischen Grundgesetze 
entwickelt, Leipzig, 1854, 457 pp.; (2) Das Normalverhdltnis der chemischen und morphologischen 
Proportionen, Leipzig, 1856, 114 pp. and the posthumous work: (3) Der goldene Schnitt, Leipzig, 
1884, 28 pp. Cf. S. Giinther, “Adolph Zeising als Mathematiker” Zeitschrift fiir Mathematik 
und Physik, Historisch-literarische Abtheilung, Band 21, 1876, pp. 157-165. 

2G. T. Fechner, Zur experimentalen Aesthetik, Leipzig, 1871. 

$C. L. A. Kunze speaks of “Rechteck der schénsten Form”’ in his Lehrbuch der Planimetrie, 
Weimar, 1839, p. 124. A reference may be given to a recent discussion of “printer’s oblong” 
and “golden oblong” in H. L. Koopman, “Printing Page Problems with Geometric Solutions,” 
The Printing Art, Cambridge, Mass., 1911, Vol. 16, pp. 353-356. 

4T. A. Cook, The Curves of Life, London, Constable, 1914. 

5 (a) “Die Proportion des goldenen Schnittes an den Blittern und Stengeln der Pflanzen,” 
Zeitschrift fiir mathematischen und naturwissenschaftlichen Unterricht, 1885, Vol. 15, pp. 325-338; 
(b) Der goldene Schnitt und dessen Erscheinungsformen in Mathematik Natur und Kunst, Augsburg, 
[1885], 230 pp. A resumé of this work given by O. Willman in Lehrproben und Lehrgénge aus der 
Praxis der Gymnasien und Realschulen, 1892 was the basis of E. C. Ackermann, “The Golden 
Section,” AmMeRICAN MATHEMATICAL MONTHLY, 1895, Vol. 2, pp. 260-264. Cf. Zeitschrift f. 
math. und naturwiss. Unterricht, 1887, Vol. 18, pp. 44-47, 605-612. 

6C. Thiry, “Quelques propriétés d’une droite partagée en moyenne et extréme raison,” 
Mathesis, 1894, Vol. 14, pp. 22-24. 

7 “Extension of the Medial Section Problem and Derivation of a Hyperbolic Graph,” Proceed- 
ings of the Edinburgh Mathematical Society, 1897, Vol. 15, pp. 65-69. 

8 6e éd., Paris, 1879, pp. 261-263. Some of these properties are given in the first edition of 
this work by H. C. de La Frémoire, Paris, 1844. 

® Zur sectio aura. Progr. Stettin, 1874 (Cf. Zeitschrift f. math. und naturw. Unterricht, Vol. 5, 
pp. 289-291). 

- Tl liber Abbaci di Leonardo Pisano pubblicato da Baldassure Boncompagni, Roma, 
MDCCCLVII. For an analysis of this work see M. Cantor, Vorlesungen tiber Geschichte der 
Mathematik, Band II, 3. Auflage, Leipzig, Teubner, 1900, pp. 5-35. 
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Among miscellaneous arithmetical problems of the twelfth edition is one 
entitled “How many pairs of rabbits can be produced from a single pair in a 
year.” ! It is supposed (1) that every month each pair begets a new pair which, 
from the second month on, becomes productive; and (2) that deaths do not occur. 
From these data it is found that the number of pairs in successive months would 
be as follows: 

(3) 1, 2, 3, 5, 8, 18, 21, 34, 55, 89, 144, 233, 377. 


These numbers follow the law that every term after the second is equal to the 
sum of the two preceding and form, according to Cantor, the first known recurring 
series in a mathematical work. The doubtful accuracy of this latter statement 
has been pointed out by Giinther.? 

The series (3) was well known to Kepler who discusses and connects it 
with golden section and growth, in a passage of his De nive sexangula, 1611. 
Commentaries of Girard and Simson, and the relation of the series to a certain 
continued fraction, have been noted above in connection with Topic 9. But 
the literature of the subject is very extensive and reaches out in a number of 
directions. In what follows wu, will be regarded as the (n + 1)st term of what 
we Shall call the Fibonacci Series (1); so that w= 0 and uw; = 1. For reasons 
which shall appear later the terms Lamé series, and Braun or Schimper-Braun 
series have been employed in this connection. Girard observed that the three 
numbers wn, Un+1, Un+1' may be regarded as corresponding to lengths which form 
an isosceles triangle of which the angle at the vertex is very nearly equal to the 
angle of the regular pentagon. 

The relation tnp—1Un41 — Un? = (— 1)"*' while implied in the passage quoted 
from Kepler is more explicitly used by Simson (1753). It was to this relation, 
and hence to the Fibonacci series that Schlegel’ was led when he sought to general- 
ize the well-known geometrical paradox of dividing a square 8 X 8 into four parts 
which fitted together form a rectangle 5 X 13.6 Catalan found (1879) the more 


1 Pages 283-284. 

2S. Giinther, Geschichte der Mathematik, 1. Teil, Leipzig, Géschen, 1908, p. 137. 

3 J. Kepler, Opera, ed. Frisch, tome 7, pp. 722-8. After discussions of the form of the bees’ 
cells and of the rhombo-dodecahedral form of the seeds of the pomegranite (caused by equalizing 
pressure) he turns to the structure of flowers whose peculiarities, especially in connection with 
quincuncial arrangement he looks upon as an emanation of sense of form, and feeling for beauty, 
from the soul of the plant. He then “unfolds some other reflections” on two regular solids the 
dodecagon and icosahedron “the former of which is made up entirely of pentagons, the latter 
of triangles arranged in pentagonal form. The structure of these solids in a form so strikingly 
pentagonal could not come to-pass apart from that proportion which geometers to-day pronounce 
divine.” In discussing this divine proportion he arrives at the series of numbers 1, 1, 2, 3, 5, 8, 
13, 21 and concludes: “For we will always have as 5 is to 8 so is 8 to 13, practically, and as 8 is 
to 13, so is 13 to 21 almost. I think that the seminal faculty is developed in a way analogous to 
this proportion which perpetuates itself, and so in the flower is displayed a pentagonal standard, 
so to speak. I let pass all other considerations which might be adduced by the most delightful 
study to establish this truth.” 

4 There is a typographical error (13 for 21) in Girard’s discussion in this connection. 

5 V. Schlegel, “Verallgemeinerung eines geometrischen Paradoxons,”’ Zeitschrift fiir Mathe- 
matik und Physik, 24. Jahrgang, 1879, pp. 123-128. 

6 This paradox was given at least as early as 1868 in Zeitschrift fiir Mathematik und Physik, 
Vol. 13, p. 162. Cf. W. W. R. Ball, Mathematical Recreations and Essays, 5th edition, London, 
Macmillan, 1911, p. 53; and E. B. Escott, “Geometric Puzzles,” Open Court Magazine, Vol. 21, 
1907, pp. 502-5. 
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general relation’ wn41-pUnti+p — = (— from which may be 
derived tn41? + Un? = Uenyi first given, along with many other properties, by 
Lucas,” in a paper showing the relation between the Fibonacci series and Pascal’s 
arithmetical triangle. It was Binet® who showed that 


2" V5 un = (1 + V5)" — 5)", 
and Catalan gave the following result a few years tahies 


n(n — 1)(n — 2) n(n — 1)(n — 2)(n — 3)(n — 4) 
1-2-3-4-5 


n 
= I +5 


Lucas showed the importance of the Fibonacci series in discussions of (a) the 
decomposition of large numbers into factors and (b) the law of distribution of 
prime numbers.®> Binet was led to the series in his memoir on linear difference 
equations (I. c.), and Lamé indicated its application® in determining an upper 
limit to the number of operations made in seeking the greatest common divisor 
of two integers. Landau evaluated the series 2(1/w2,) and 2(1/we,41), and found 
that the first was related to Lambert’s series and the second to the theta séries.’ 

For further references and mathematical discussions one may consult (1) 
L’Intermédiaire des mathématiciens, 1900, pp. 172-7; 1902, p. 43; 1915, pp. 39- 
40; (2) “Sur une généralisation des progressions géométriques,” L’ Education 
mathématique, 1914, pp. 149-151, 157-158; and (3) V. Schlegel, “Séries de Lamé 
supérieurs,” El progreso matematico, 1894, aiio 4, pp. 171-174. 

As to growths it is particularly in connection with older chapters on leaf 


1K. Catalan, Mélanges mathématiques, tome 2, (Lidge, 1887], p. 319. 

2 E. Lucas, “ Note sur la triangle arithmétique de Pascal et sur la série de Lamé,’”’ Nouvelle 
correspondance mathématique, tome 2, 1876, p. 74. 

3J. P. M. Binet, “Mémoire sur l’intégration des equations linéaires aux différences finies 
d’un ordre quelconque, 4 coefficients variables,” Comptes rendus de Pacadémie des sciences de 
Paris, tome 17, 1843, p. 563. 

4 Manual des candidats a ’ Ecole Polytechnique, tome 1, Paris, 1857, p. 86. 

5 E. Lucas, (a) “ Recherches sur plusieurs ouvrages de Léonard de Pise et sur divers es questions 
d’arithmétique supérieure. Chapter 1. Sur les séries recurrentes,” Bullettino di bibliografia e di 
storia delle scienze matematiche e fisiche, tome 10, pp. 129-170, Marzo, 1877; (6) Théorie des 
fonctions numériques simplement périodiques,’’ American Journal of Mathematics, Vol.1, 1878, 
pp. 184-229, 289-321 [on p. 299 are given the first 61 terms of the Fibonacci series and the factors 
of every term]; (c) “Sur la théorie des nombres premiers” [dated mai 1876], Atti della r. Acca- 
demia delle Scienze di Torino, Vol. 11, 1875-76, pp. 928-937; (d) “Note sur l’application des 
séries recurrentes a la recherche de la loi de distribution des nombres premiers, Comptes rendus 
de Vacadémie des sciences, Vol. 82, 1876, pp. 165-167. See also A. Aubry, “Sur divers procédés 
de factorisation,” L’ Enseignement Mathématique, 1913, especially §§ 11, 16 and 17, pp. 219-223. 

6B. Lamé, “Note sur la limite du nombre des divisions dans la recherche du plus grand 
commun diviseur entre deux nombres entiers.’””? Comptes rendus de l’académie des sciences, tome 
19, 1844, pp. 867-870. See also J. P. M. Binet, idem, pp. 939-941. 

Because of results obtained in the above-mentioned memoir the Fibonacci series is frequently 
called the Lamé series. I can find no verification of Thompson’s statement (On Growth and Form, 
p. 643) that the series 2/3, 3/5, 5/8, 8/13, 13/21, --+ “is called Lami’s series by some, after Father 
Bernard Lami, a contemporary of Newton’s, and one of the co-discoverers of the parallelogram 
of forces.’? Indeed the statement is doubtless incorrect. 

_ ™E. Landau, “Sur la série des inverses des nombres de Fibonacci,” Bulletin de la société 
mathématique de France, tome 27, 1899, pp. 298-300. 
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arrangement or phyllotaxis that the Fibonacci Series comes up. Among the 
earliest and most important of these are the memoirs of Braun (based on re- 
searches of Schimper and himself),! and L. et A. Bravais.’ Of later papers there 
are those by Ellis, Dickson, Wright,® Airy,® Giinther,’ and Ludwig. Much 
that was fanciful and mysterious was swept away by the publication of P. G. 
Tait’s note “On Phyllotaxis.”’® Of recent books on the subject the most notable 
are those by Church,!° Cook," and Thompson.” The two former are beautifully 
illustrated. The latter reproduces Tait’s discussion in an appreciative manner. 


NOTES AND NEWS. 
Epitep By D. A. Roturock, Indiana University, Bloomington, Ind. 
Mr. E. S. Lang, fellow at the University of Chicago, has been appointed 
instructor in mathematics at Rice Institute. 


Mr. W. G. Srnon, fellow at the University of Chicago, has been appointed 
instructor in mathematics at Western Reserve University. 


Dr. Ouive C. Haz ett, instructor at Bryn Mawr College, has been appointed 
to an assistant professorship of mathematics at Mount Holyoke College. 


1A, Braun, “ Vergleichende Untersuchung iiber die Ordnung der Schuppen an den Tannen- 
zapfen als Einleitung zur Untersuchung der Blitterstellung tiberhaupt,” Nova Acta Acad. Caes. 
Leopoldina, Vol. 15, 1830, pp. 199-401. 

2 L. et A. Bravais, (1) “Sur la disposition des feuilles curviseriées,” Ann. des sc. nat., 2e série 
Vol. 7, 1837, pp. 42-110; (2) Mémoire sur la disposition géométrique des feuilles et des inflorescenses, 
Paris, 1838. 

3 R. L. Ellis, Mathematical and Other Writings, Cambridge, 1863; “On the Theory of Vege- 
table Spirals,” pp. 358-372. 

4 A. Dickson, ‘On some abnormal cases of pinus pinaster,’”’ Transactions of the Royal Society 
of Edinburgh, Vol. 26, 1871, pp. 505-520. 

5 C. Wright, “The uses and origin of the arrangements of leaves in plants” (read 1871), 
Memoirs of the American Academy, Vol. 9, part 2, Cambridge, Mass., p. 384f. 

6 H. Airy, “On Leaf Arrangement,” Proceedings of the Royal Society of London, Vol. 21, 
1873, pp. 176-179. 

7S. Giinther, “Das mathematische Grundgesetz im Bau des Pflanzenkérpers,’’ Kosmos, 
II. Jahrgang, Band 4, 1879, pp. 270-284. 

8 F. Ludwig, ‘“Einige wichtige Abschnitte aus der mathematischen Botanik,” Zeitschrift fiir 
mathematischen und naturwiss. Unterricht, Band 14, 1883, p. 161f. 

9 P. G. Tait, Proc. Royal Society Edinburgh, Vol. 7, 1872, pp. 391-4. 

10 A. H. Church, On the Relation of Phyllotaxis to Mechanical Laws, London, Williams and Nor- 
gate, 1904. On page 5 Church writes: “The properties of the Schimper-Braun series 1, 2, 3, 5, 8, 
13, ---, had long been recognized by mathematicians (Gerhardt, Lamé). .. .” In Botanisches 
Centralblatt, Band 68, 1896, F. Ludwig writes (on p. 7) that the numbers of this series ‘‘ werden 
vielfach von Botanikern als Braun’sche, von Mathematikern als Gerhardt’sche oder Lamé’sche 
Reihe bezeichnet.”’ I have not been able to verify that any mathematician used the term Ger- 
hardt series in this connection, or that anyone by the name of Gerhardt wrote about the Fibonacci 
series. From what has been indicated above it seems certain that ‘“‘Gerhard’sche” should be 
“‘Girard’sche.” 

u T, A. Cook, The Curves of Life, London, Constable, 1914. 

122 —D)’A. W. Thompson, On Growth and Form, Cambridge: at the University Press, 1917. 
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Dr. E. A. ENGLER, professor of mathematics at Washington University 
from 1881 to 1901, president of Worcester Polytechnic Institute from 1901 to 
1911, and since 1911 secretary-treasurer of Washington University, died on 
January 16, at the age of sixty-one years. 


Assistant Professor WARREN WEAVER, of Thrgop College of Technology, 
is on leave of absence, serving in the Science and Research Division of the Signal 


Corps at Washington, D. C. 


Professor F. R. Movutron, of the University of Chicago, has been com- 
missioned a major in the Ordnance Department and assigned to service at 
Washington where he will have important duties in connection with the mathe- 
matical phases of testing field pieces. 


Professor J. N. VAN DER VriEs, of the University of Kansas, who has been 
connected with the war work of the Chamber of Commerce of the U. S. at Wash- 
ington, has been transferred to Chicago to take charge of the newly established 
Chicago branch of the Chamber, having control of the work in the central west. 


Mr. ALFRED Davis, a charter member of the Association, and for a number 
of years teacher of mathematics at the Francis W. Parker School, Chicago, has 
accepted the professorship and head of the department of mathematics at William 
and Mary College, Williamsburg, Virginia. 

Professor FLORIAN Casorti has resigned his position of professor of mathe- 
matics at Colorado College to accept the chair of professor of history of mathe- 
matics in the University of California. Professor Cajori has been connected 
with Colorado College for twenty-nine years. 


Professor C. A. WALDo, who retired last June from the Thayer professorship 
of mathematics and applied mechanics at Washington University, St. Louis, Mo., 
is now living at 401 West 118th Street, New York City. Professor Waldo’s 
educational career extends over a period of forty years, beginning as an instructor 
in mathematics at Wesleyan University in 1877. He occunied in succession the 
professorship and head of the department of mathematics at Rose Polytechnic 
Institute, DePauw, Purdue and Washington Universities. He was retired from 
Washington University as professor emeritus. 


The Association of Teachers of Secondary Mathematics of North Carolina 
met at Greenville, on March 8 and 9. Professor C. B. Upton of Teachers 
College, Columbia University, was the principal speaker; other addresses were 
made by Mr. W. W. RankIn, and Mr. J. W. Lastry, of the University of North 
Carolina. The sessions of the conference were primarily devoted to discussions 
of the humanizing of mathematics, the addresses of Professor Upton being upon 
the subjects: “Mathematics as an aid to the interpretation of life about us,” 
“Recent tendencies to visualize the beginnings of geometry,” and “The modern 
methods of teaching arithmetic.” 


_ University of Kansas. Summer session, June 3 to July 12.—By Professor 
C. H. Asuton: College algebra; Mechanics.—By Professor E. B. Stourrer: 
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Calculus; Modern geometry.—By Professor J. J. WHEELER: Solid geometry; 
Trigonometry; Analytical geometry. 


July 15 to Aug. 9.—By Professor U. G. MitcnHe.u: History of elementary 
mathematics; Teachers’ course. 


Cornell University. Summer session, July 8 to August 16.—By Professor 
W. B. Carver: Topics related to geometry, five hours.—By Professor W. A. 
Hurwitz: Topics related to algebra, five hours. The preceding two courses are 
primarily for teachers.—By Professor F. W. OwENs: Projective geometry, three 
hours. Courses in solid geometry, algebra, trigonometry, analytic geometry and 
elementary calculus will be given. 


The tenth regular meeting of the American Mathematical Society and the 
forty-first meeting of the Chicago Section were held at the University of Chicago 
on Friday and Saturday, April 12 and 13. The sessions of Friday morning and 
Saturday morning were devoted to the presentation of original papers, the 
number of papers read being nineteen. The session of Friday afternoon was 
devoted to a symposium on the theory of summable series. The attendance at 
the meetings was nearly normal in number; but several who usually are present 
were absent owing to duties connected with the prosecution of the war. At the 
dinner on Friday evening, where some forty-five members enjoyed the usual 
social intercourse, Professor L. E. Dickson, President of the Society, presided, 
and addresses were made by Professor VAN VLECK on his experience in connec- 
tion with the war registration board at Madison, by Professor D. R. Curtiss 
on the effect of the war on scientific productiveness, by Professor S. LEFSCHETz, 
who came five hundred miles to the meeting, by Professor E. R. Heprick on 
correspondence with prominent mathematicians in France, England, and Ger- 
many, and by Professor H. E. Staucut on the work in which Major F. R. 
MovwLtton is engaged in the ordnance department at Washington. 


In an article entitled ‘‘ Medicine and mathematics in the sixteenth century ”’ 
which appeared in the Annals of Medical History, summer number, 1917, Pro- 
fessor D. E. Smita considers the reasons for the close relations of these two 
branches then existing and lists a large number of men who were distinguished 
in both, among whom may be cited LEONARDO pa Vinct, CopERNICUS, CARDAN, 
Gemma FRrisivus, and Ropert REcoRDE. 


The Committee on Policy of the American Association for the Advancement 
of Science has changed the place of the next meeting from Boston to Baltimore, 
one controlling reason being the proximity of Baltimore to Washington, where 
many prominent scientific men from all parts of the country are now engaged in 
war work. The dates will be December 27 to 31, 1918, and the program will be 
restricted very largely to definite working problems related to the war. 
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AMMERMAN, CuHarizs. Instr., McKinley Man. Tr. School, St. Louis, Mo. 3608 Castleman Ave. 
ANDEREGG, Prof. FrepEericK. Oberlin Coll., Oberlin, Ohio. 207 E. College St. 
ANDERSON, Prof. Mary. [Illinois Woman’s Coll., Jacksonville, Ill. 
ANDERSON, Prof. W. E. Wittenberg Coll., Springfield, O. College Campus. 
Anprews, A.C. Instr., Man. Tr. High School, Kansas City, Mo. 
AnpREws, Asso. Prof. W. H. State Agric. Coll., Manhattan, Kans. 630 More St. 
Annina, Norman. Chilliwack, B. C. 
Corp., H. Q. Co., 7th Can. Rwy. Troops, in France. 
ArcHER, Rev. Peter, 8.J. Director, Georgetown Coll. Observatoryand Prof. of Math., George- 
town Univ., Washington, D. C 
ARCHIBALD, Asso. Prof. R.C. Brown Univ., Providence, R. I. 9 Charles Field St. 
ArmiTaGE, Fiora. Instr., High School, Little Rock, Ark. 1922 W. 22d St. 
ArmstronG, Prof.G. N. Ohio Wesleyan Univ., Delaware, O. Box 246. 
ARNOLD, Asso. Prof. C. L. Ohio State Univ., Columbus, O. 
ARNOLD, Asst. Prof. Karuertne 8. Milwaukee-Downer Coll., Milwaukee, Wis. 
ARNOLD, Prof. Paut. Univ. of Southern California, Los Angeles, Cal. 1241 W. 47th St. 
AsxcraFt, Prof. T. B. Colby Coll., Waterville, Me. 24 Pleasant St. 
AsxTon, Prof. C. H. Univ. of Kansas, Lawrence, Kan. 1200 Ohio St. 
Atcuison, Prof. C. 8. Washington and Jefferson Coll., Washington, Pa. 102 S. Wade Ave. 
AUERBACH, Matitpa. Supervisor, Ethical Culture School, New York, N.Y. 33 Central Park W. 
Austin, Prof C. B. Ohio Wesleyan Univ., Delaware, O. Monnett Hall. 


6 


THE MATHEMATICAL ASSOCIATION OF AMERICA 7 


BassiTt, Asst. Prof. ALBERT. Univ. of Nebraska, Lincoln, Neb. Box 1344, Sta. A. 

Bacon, Prof. Chara L. Goucher Coll., Baltimore, Md. 2316 N. Calvert St. 

BalLey, Prof. F. H. Mass. Inst. of Tech., Cambridge, Mass. 491 Boylston St., Boston, Mass. 

Barirp, A,C. Instr., High School, Pittsburgh, Pa. 4505 Lincoln Ave. 

BakER, Prof. ALFRED. Univ. of Toronto, Toronto, Can. 

Baker, Asst. Prof. R. P. Acting Head of the Dept. of Math., State Univ. of Iowa, Iowa City, Ia. 

Batcu, Prof. J. V. Bethany Coll., Bethany, W. Va. 

BaLpwin, J. W. Instr., State Normal Coll., Ypsilanti, Mich. 1218S, 14th St., Ann Arbor, Mich. 

BaRIEs, Asst. Prof. GRACE M. Ohio State Univ., Columbus, O. 201 W. 11th Ave. 

Barnett, I. A. Asst., Univ. of Chicago, Chicago, Ill. 1345 N. Oakley Blvd. 

Barney, Prof.Ida. Lake Erie Coll., Painesville, O. 

Barnuakt, C. A. Instr., Colorado Coll., Colorado Springs, Col. 824 E. Costilla St. 

Barrow, Dr. D. F. Instr., Sheffield Scientific School, New Haven, Conn. 196 Willard St. 

Barton, R. M. Insti., Univ. of Minnesota, Minneapolis, Minn. 

Barton, Prof. 8. M. Univ. of the South, Sewanee, Tenn. 

Baupin, M.C. Instr. in French, Miami Univ., Oxford, O. 

Bauer, Prof.G. N. Univ. of Minnesota, Minneapolis, Minn. 

Bauman, Prof. J. A. Muhlenberg Coll., Allentown, Pa. 299 Turner St. 

Beat, W.O. Asst. Astronomer, Univ. of Minnesota, Minneapolis, Minn. 

BreaTLEY, Rautpo. 11 Wabon St., Grove Hall, Boston, Mass. 

In government service. 

Beatty, Asst. Prof. Samurxt. Univ. of Toronto, Toronto, Can. 

Beckett, C. H. Actuary, State Life Insurance Co., Indianapolis, Ind. 

Beckwitu, Asst. Prof. ErHeLwyNnn R. (Mrs. W. E.). College for Women, Western Reserve 
Univ., Cleveland, O. Bellflower Road. 

BEETLE, Asst. Prof. R. D. Dartmouth Coll., Hanover, N. H. 

Betcuer, D. R. Instr., Adelbert Coll., Western Reserve Univ., Cleveland, O. 

Betcuer, J., A.B. (Kalamazoo). Instr. in Math., Todd Seminary for Boys, Woodstock, Ill. 

Bett, Asst. Prof. E.T. Univ. of Washington, Seattle, Wash. 

BELL, Prof. Tatmon. Cooper Coll., Sterling, Kan. 

BemaNn,, Prof. W. W. Univ. of Michigan, Ann Arbor, Mich. 813 E. Kingsley St. 

Benepict, Prof. H. Y. Univ. of Texas, Austin, Tex. 

Benepict, Asso. Prof. Suzan R. Smith Coll., Northampton, Mass. Clark House. 

BENNETT, Adj. Prof. A. A. Univ. of Texas, Austin, Tex. 

Capt., C. A. O. R. C., Fort Crockett, Galveston, Tex. 

BENNETT, Prof. J. N. Doane Coll., Crete, Neb. 

BerGER, Prof. Epta G. Coll. of St. Catherine, St. Paul, Minn. 1978 Como Ave. 

Bergstresser, C. A. Boys’ High School, Brooklyn, N. Y. 216 Kingston Ave. 

Bernstein, Dr. B. A. Instr., Univ. of California, Berkeley, Cal. 2131 Haste St. 

Berry, Grace Exza, A.M. (Mount Holyoke). Dean of Women and Asst. Prof. of Math., Pomona 
Coll., Claremont, Cal. 

Berry, Asso. Prof. W. J. Polytechnic Inst., Brooklyn, N. Y. .224 St. John’s Place. 

Second Lieut., 308th Inf., Natl. Army. 

Bert, Prof. O. F. H. Washington and Jefferson Coll., Washington, Pa. 28 N. Lincoln St. 

Betz, Herman. Instr., Univ. of Michigan, Ann Arbor, Mich. 819 S. State St. 

Betz, Wiuu1aM. Vice-Principal, East High School, Rochester, N. Y. 160 Grand Ave. 

Biases, J. A. High School, Little Rock, Ark. 1611 Rock St. 

But, Asst. Prof. E.G. Dartmouth Coll., Hanover, N. H. 

Binctey, G. A. Instr., Brenau Coll., Gainesville, Ga. 

BircHENovuas, Prof. Harry. State Coll. for Teachers, Albany, N. Y. 117 N. Allen St. 

Birkuorr, Asst. Prof.G. D. Harvard Univ., Cambridge, Mass. 44 Shepard St. 

BisHop, Prof. F. L. Univ. of Pittsburgh, Pittsburgh, Pa. Grant Blvd. 

Brxsy, Brig. Gen. W. H. U.S. Army, retired. Pres. Mississippi River Commission, Div. 
Engineer Western Div. River and Harbor Improvements, and Inspector 15th Lighthouse 
District. 416 Custom House, St. Louis, Mo. 

Buair, Vevia. 430 W. 119th St., New York, N. Y. 

Buanp, J.C. Engineer of Bridges, Penna. Lines, Pittsburgh, Pa. Room 520, Penna. Station. 

Buicurewpt, Prof. H. F. Stanford Univ., Stanford, Cal. 

Buiss, Prof. G. A. Univ. of Chicago, Chicago, Ill. 6625 Kenwood Ave. 

BiumBere, Asst. Prof. HENRy. Univ. of Nebraska, Lincoln, Neb. 


8 THE MATHEMATICAL ASSOCIATION OF AMERICA 


BoHANNAN, Prof. R. D. Ohio State Univ., Columbus, O. 226 E. 16th Ave. 

Bonn, Asst. Prof. J. D. Agri. and Mech. Coll., College Station, Tex. 

Booturoyp, Asso. Prof. S. L. Math. and Astr., Univ. of Washington, Seattle, Wash. 

Boren, Wertz E., A.B. (Indiana). Head of the Dept. of Math., College Course, State Normal 
School, Milwaukee, Wis. 

Borcer, Prof. R. L. Ohio University, Athens, O. 70 University Terrace. 

BorcMeyYeER, Prof. C. J. St. Louis Univ., St. Louis, Mo. 

Boss, A. C., M.A. Student in Pure and Mixed Math., Calcutta Univ.; Deputy Magistrate, 
Bengal Prov. Civil Service. 8 Dinabandhu Lane, Simla Postoffice, Calcutta, India. 

Bousz, T. L. 74358. Poplar St., Ottawa, Kan. 

Bouton, Asso. Prof. C. L. Harvard Univ., Cambridge, Mass. 9 Avon St. 

BowbeEN, Prof. Adelphi Coll., Brooklyn, N. Y. 24 Clifton Place. 

Boyp Prof. P. P. Univ. of Kentucky, Lexington, Ky. Waller Ave., Rodes Place, R. S. 

Brackett, Prof. F. P. Pomona Coll., Claremont, Cal. 

Brab.ey, Asst. Prof. H.C. Mass. Inst. of Tech., Cambridge, Mass. 

BrapsHaw, Asst. Prof. J. W. Univ. of Michigan, Ann Arbor, Mich. 1057 Lincoln Ave. 

Braae, P. N. Chidester, Ark. 

BRAMBLE, CHARLES CLINTON, Ph.D. (Johns Hopkins). Instr. in Math., U. 8. Naval Academy, 
Annapolis, Md. 316 West St. ‘ 

Branp, Prof. Louis, Jr. Univ. of Cincinnati, Cincinnati, O. 

BRANDEBERRY, Asst. Prof. J. B. Toledo Univ., Toledo, O. 

Bratton, Prof. W. A. Whitman Coll., Walla Walla, Wash. 570 Boyer Ave. 

BRECKENRIDGE, Asso. W. E. Teachers Coll., Columbia Univ., New York, N. Y. 21 Park 
Ave., Mount Vernon, N. Y 

BrenKE, Prof. W.C. Univ. of Nebraska, Lincoln, Neb. 1250 S. 21st St. 

BRENNAN, Dr. M.S. Rector, Church Sts. Mary and Joseph, St. Louis, Mo. 6304 Minnesota Ave. 

Brewster, J. A. Instr., Coll. of the City of New York, New York, N. Y. 728 W. 181st St. 

Bricetra, Sister. Instr. in Math., Coll. of Saint Scholastica, Duluth, Minn. 

BriguaM, L. A. Instr., Boston Univ., Boston, Mass. 688 Boylston St. 

BRINDLE, Prin. G. W. High School, Eastman, Ga. 

Brinton, Prof. H. H. Guilford Coll., Guilford College, N. C. 

BroapDLick, JoHN Nicuouas, B.S. in Educ. (Kans. State Manual Training Normal). Teacher 
of Math., High School, Pittsburg, Kan. 

Brooke, Prof. W.E. Math. and Mech., Univ. of Minnesota, Minneapolis, Minn. 

Brown, B. J. 130 N. Topping St., Kansas City, Mo. 

Brown, Prin. E. L. North Side High School, Denver, Col. 3324 Zuni St. 

Brown, Prof. E.W. Yale Univ., New Haven, Conn. 116 Everit St. 

Brown, Prof. G. L. South Dakota State Coll., Brookings, 8. D. 

Brown, Asso. Prof. H.S. Hamilton Coll., Clinton, N. Y. College Campus. 

Brown, Litu1an O. Instr., Hood Coll., Frederick, Md. 

Brown, Dr. T. H. Instr., Brown Univ., Providence, R.I. 79 Taber Ave. 

Bruce, Prof. R. E. Boston Univ., Boston, Mass. 688 Boylston St. 

Bryant, E.8. High School, Everett, Mass. 65 Lexington St. 

Danieu. Astr. and Math., Queen’s Univ., Kingston, Ont., Canada. 142 

stuart St. 

BucuHanan, Prof. H. E. Univ. of Tennessee, Knoxville, Tenn. 

Butuarp, Dr. J. A. Instr., U.S. Naval Academy, Annapolis, Md. 210 Prince George St. 

Butuarp, Prof. W.G. Syracuse Univ., Syracuse, N. Y. 117 Redfield Place. 

Burcer, Prof. C. R. Colorado School of Mines, Golden, Col. 

Buragss, Asst. Prof. H. T.. Univ. of Wisconsin, Madison, Wis. 812 W. Dayton St. 

Buragss, Dr. R. W. Instr., Brown Univ., Providence, R. I. 

Bureau of Statistics, Washington, D. C., on leave of absence. 

Burtey, J. F. Civil Engineer, Philadelphia, Pa. 459 Winona Ave. 

BURNELL, ExizaBetH F. Estes Park, Col. 

Burton, Prof. W. W. Mercer Univ., Macon, Ga. 

Bussey, Asso. Prof. Univ. of Minnesota, Minneapolis, Minn. 

ButrerFieLtD, A.D. Worcester, Mass. Jn aviation service. 


Cain, J. N. Mechanical Engineer, Ashtabula, O. 6 Whitlam St. 
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Carn, Prof. Witu1amM. Univ. of North Carolina, Chapel Hill, N. C. 

Catrns, Asso. Prof. W. D. Oberlin Coll., Oberlin, O. 27 King St. 

Casort, Prof. Ftortan. Colorado Coll., Colorado Springs, Col. 1119 Wood Ave. 

CaLpERWOOoD, H. F. Stockman, Glasgow, Mont. 

Caan sae Prof. J. C. Surv. and Drawing, Union Coll., Schenectady, N. Y. 103 Glenwood 

va. 
CatMAN, Dorotuy G. 4751 Hammett Place, St. Louis, Mo. = 
Camp, CHESTER CLAREMONT, Ph.D. (Cornell). Prof. of Math., Ottawa Univ., Ottawa, Kans. 
Co. A, 313th Engineers, Camp Dodge, Ia. 

CamPpBELL, A. D. Instr., Northwestern Univ., Evanston, Ill. 201 Haven House. 

CAMPBELL, Prof. D. F. Armour Inst. of Tech., Chicago, Ill. 1124 Oak Ave., Evanston, Ill. 

CaMPBELL, Dr. G. A. Research Engineer, Am. Tel. and Tel. Co., New York, N. Y. 15 Dey St. 

CAMPBELL, J. E. Math. Master, Colleg. Inst., Regina, Sask, Canada. 

CAMPBELL, JOHN WILLIAM, Ph.D. (Chicago). Lecturer in Math. and Physics, Wesley Coll., Win- 
nipeg, Canada. School of Musketry, 42 Lansdowne Ave., Toronto, Can. 

Canapay, E. F. Corp., Co. B, 342nd M. G. B. N., Camp Funston, Kan. 

Canpy, Prof. Apert Lutuer, Ph.D. (Nebraska). Pure Math., University of Nebraska, Lin- 
coln, Neb. Station A. 

Caparo, Prof. J. A. Elec. Engineering and Physics, Univ. of Notre Dame, Notre Dame, Ind. 
P.O. Box 54. 

Capron, Pauu. Instr., U. S. Naval Academy, Annapolis, Md. Hotel Maryland. 

Carp, H. L. Sergeant, Co. C, 1st Regt., U. S. Engrs., Am. Exped. Forces, in France; home address, 
Haverhill, Mass. 

Carey, Asst. Prof. E. F. A. Univ. of Montana, Missoula, Mont. 

Canis, Prof. A.G. Defiance Coll., Defiance, O. 

Canis, Asst. Prof. V.B. State Man. Tr. Normal School, Pittsburg, Kan. 

CARLETON, HERBERT NEwTon, West Newbury, Mass. 

CaRMICHAEL, Asst. Prof. F. L. Univ. of Alabama, University, Ala. Graduate School, Princeton 
Univ., 14 Alexandria Hall, Princeton, N. J. 

CARMICHAEL, Asst. Prof. R. D. Univ. of Illinois, Urbana, Ill. 708 W. Michigan Ave. 

CaRPENTER, Prof. D. R. Math. and Astr., Roanoke Coll., Salem, Va. 

Carr, F. E. Instr., Oberlin Coll., Oberlin, O. 171 W. College St. 

Prof. W. M. Hamilton Coll., Clinton, N. Y. P.O. Box 26. 

CaRSCALLEN, G. E. Cleveland, O. (?) 

Carter, Asst. Prof. B. E. Colby Coll., Waterville, Me. 3 Center Place. 

Carus, E. H. La Salle, Ill. 

Carver, Asst. Prof. W.B. Cornell Univ., Ithaca, N. Y. White Hall. 

Caster, Mary E. 448 Van Houten St., Paterson, N. J. 

Cater, Prof. J.T. Straight Coll., New Orleans, La. 

CEDERBERG, Prof. W. E. Augustana Coll., Rock Island, Ill. 3906 7th Ave. 

Cuace, ARNOLD Burrum, A.M., Sc.D. (Brown). Chancellor, Brown Univ., Providence, R. I. 

CHAMBERLAIN, E. B. Instr., Franklin School, New York, N. Y. 18 W. 89th St. 

meer = ~~ Prof. G. G. Univ. of Pennsylvania, Philadelphia, Pa. 79 Drexel Ave., Lans- 

owne, Pa. 

Cuanper, A. E. Simmons Coll., Abilene, Tex. 

CHANDLER, Prof. Eva. Wellesley Coll., Wellesley, Mass. Stone Hall. 

Cuaney, Asso. Prof. G. A. State Coll., Ames, Ia. 609 Grand Ave. 

Cane Suen-Fv (8. N. Tschang). The Government Univ., Peking, China. 

CuapMaNn, Prof. F. E. Southern Univ., Greensboro, Ala. 

Cares, Asst. Prof. R. L. Physics, Lehigh Univ., South Bethlehem, Pa. 744 Seneca St. 

cugaur ey G. R. Appl. Mech. and Machine Design, Univ. of Nebraska, Lincoln, Neb. 
2850 

CuiTrenDEn, Dr. E. W. Instr., Univ. of Illinois, Champaign, Ill. 1116 Arbor St. 

CuarK, * ong J. E. Emeritus, Yale Univ., New Haven, Conn. 348. Park Terrace, Springfield, 
ass, 

Cuarke, Prof. E.H. Hiram Coll., Hiram, O. 

Cuarke, J. A. Instr., West Phila. High School for Boys, Philadelphia, Pa. Devon, Pa. 

Ciawson, Prof. J. W. Ursinus Coll., Collegeville, Pa. 

CLEMENTS, Guy Rocer, Ph.D. (Harvard). Instr. in Math., U.S. Naval Academy, Annapolis, Md. 


C. Research Asst., Assoc. Mfrs. of Chilled Car Wheels. 1110 W. Springfield Ave., 
irbana, Ill. 
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Coss, Prof. H. E. Lewis Inst., Chicago, IIl. 

Coste, Asso. Prof. A. B. Johns Hopkins Univ., Baltimore, Md. Mount Doma. 

Corrin, L. M. Instr., Coe Coll., Cedar Rapids, Ia. 1414 First Ave. W. 

Couen, Asso. Prof. ABRAHAM. Johns Hopkins Univ., Baltimore, Md. 

Cotaw, J. M. High School, Monterey, Va. 

Co.EeMAN, Prof. J. B. Univ. of South Carolina, Columbia, 8S. C. 

Coturer, Myrtiz. Head of the Dept. of Math., State Normal School, Los Angeles, Cal. 5330 
Pasadena Ave. 

CotuTon, J. W. High School, Trenton, N. J. 528. Clinton St. 

Coupitts, Asso. Prof. Jutta T. Iowa State Coll., Ames, Ia. 219 Ash Ave. 

CoLWELL, Ropert CaMERON, A.M. (University of New Brunswick). Prof. of Math., Geneva 
Coll., Beaver Falls, Pa. 3101 College Ave. 

Comstock, Prof. C. E. Bradley Polytech. Inst., Peoria, Ill. 

Conpit, Prof. I. S. Iowa State Teachers Coll., Cedar Falls, Ia. 115 E. 11th St. 

ConNELLY, Marton, A.B. (Lake Erie College). 819 Maple Lane, Sewickley, Pa. 

ConversE, Prof. H. A. Polytech. Inst., Baltimore, Md. 

ConwELL, Dr. G. A. Instr., State Coll. for Teachers, Albany, N. Y. 

ConwELL, Asst. Prof. H. H. Univ. of Idaho, Moscow, Ida. 114 8S. Howard St. 

Cook, E.C. The Tome School, Port Deposit, Md. 

Cook, M. Imogene. 100 Park St., Montclair, N. J. 

Coo.ineE, Prof. J. L. Harvard Univ., Cambridge, Mass. 7 Fayerweather St. 

Major in Ordnance Dept., on leave of absence. 

CopPELAND, Dr. LENNIE P. Wellesley Coll., Wellesley, Mass. 86 Shafer Hall. 

Corey, 8S. A. With the Wapello Coal Co., Albia, Ia. 504 S. Clinton St. 

Cossy, Asso. Prof. Byron. State Normal School, Kirksville, Mo. 707 E. Normal Ave. 

Counts, Hinpa. Sargent, Neb. (?) 

Cow ey, Asso. Prof. Ex1zaBeTH B. Vassar Coll., Poughkeepsie, N. Y. 

Cox, Dr. L. C. Instr., Purdue Univ., LaFayette, Ind. 1322 South St. 

CraGwaL.t, Prof. J. A. Wabash Coll., Crawfordsville, Ind. 

CraTHorNg, Asst. Prof. A. R. Univ. of Illinois, Champaign, Ill. 1113 S. 4th St. 

Craw ey, Prof. E.S8. Univ. of Pennsylvania, Philadelphia, Pa. 

CrENsHAW, Prof. B. H. Alabama Polytech. Inst., Auburn, Ala. 

Cresse, G. H. Instr., Univ. of Michigan, Ann Arbor, Mich. 613 Elm St. 

Crorts, F. E. Lowell High School, San Francisco, Cal. Hayes and Masonic Sts. 

CROMWELL, J. W., Jr. M Street High School, Washington, D.C. 1815 13th St. N. W. 

Crooks, CHarLes GranaM, A.M. (Central Univ. of Kentucky). Prof. of Math., Centre Coll., 
Danville, Ky. 

a 5 DurrieLD, Ph.D. (Bryn Mawr). Asst. Prof. of Math., Vassar Coll., Pough- 
seepsie, 

Currier, Asst. Prof. C. H. Brown Univ., Providence, R. I. 

Curtiss, Prof. D. R. Northwestern Univ., Evanston, Ill. 720 Milburn St. 


Davaker, Asst. Prof. H. H. Univ. of Minnesota, Minneapolis, Minn. 423 Walnut St. 

Danie, Asst. Prof. Percy Joun, M.A. (Cambridge Univ., England). Appl. Math., Rice Inst., 
Houston, Tex. 

Marian E. Instr., Iowa State Coll., Ames, Ia. Station A. 

as eaxsgoat “ak City Engineer, Specialist in Drainage and Sanitation, Taylorville, Ill. Lock 

ox 141. 

Daus, Haro3p, B.S. (Chicago). Instr. in Math., Clemson Agric. Coll., Clemson College, 

Davis, Prof. ALrrep. William and Mary Coll., Williamsburg, Va. 

Prof. E. W. Univ’ of Nebraska, Lincoln, Neb. 

Davis, Asst. Prof. H. N. Physics, Harvard Univ., Cambridge, Mass. 8 Ash St. Place. 


Davis, Harotp Taayer, A.B. (Colorado College). Cheyenne High School, Colorado Springs, 
Col. 21 E. Caramillo St. 


Davis, J. E. State College, Pa. Jn national service, 313th Infantry, Camp Meade, Md. 
Davis, Prof. J. M. Univ. of Kentucky, Lexington, Ky. 340 Madison Place. 
Davis, Prof. N. F. Emeritus, Brown Univ., Providence, R. I. 159 Brown St. 


t Died February 3, 1918. 
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Davisson, Prof.S8.C. Indiana Univ., Bloomington, Ind. 515 E. Third St. 

DecuerD, Mary E. Instr., Univ. of Texas, Austin, Tex. 2313 Nueces St. 

Decker, Prof. F. F. Syracuse Univ., Syracuse, N. Y. 312 Marshall St. 

De Cov, Prof. E. E. Univ. of Oregon, Eugene, Ore. 1135 Mill St. 

Deperick, Dr. L. 8. Instr., U.S. Naval Academy, Annapolis, Md. 306 West St. 

DE LA GARZA, ELEUTERIO. 601 St. Charles St., Brownsville, Tex. 

DeLong, Prof. I. M. Univ. of Colorado, Boulder, Col. 1941 Broadway. 

Denis, ADELAIDE. Instr., High School, Colorado Springs, Col. 320 N. Cascade Ave. 

DENNETT, WILLIAM Sawyer, M.D. (Harvard). 8 E. 49th St., New York, N. Y. 

Denton, Dr. W. W. Instr., Worcester Polytech. Inst., Worcester, Mass. 

Dick, Prof. F. J. Astr. and Math., RAja-Yoga Coll., Point Loma, Cal. 

Dickinson, Prof. C. N. Hollins Coll., Hollins, Va. 

Dickson, Prof, L. E. Univ. of Chicago, Chicago, Ill. 5535 University Ave. 

Dit, C. G. Instr., Drexel Inst., Philadelphia, Pa. 5853 Springfield Ave. 

DituincHaM, ALEXANDER, A.M. (Tufts, Harvard). Instr. in Math., U. S. Naval Academy, 
Annapolis, Md 

Driicx, C. E. Instr., U. 8. Coast Guard Academy, New London, Conn. 41 Squire St. 

Dings, Asst. Prof. C. R. Dartmouth Coll., Hanover, N. H. 

Dinwippig, Prof. A. B. Tulane Univ., New Orleans, La. Station 20. 

Director, Dept. of Terrestrial Magnetism, Washington, D.C. 36th St. and Broad Branch Road. 

Doak, cannes C., Ph.B. (Chicago). Asso. Prof. of Math., Mount Holyoke Coll., South Hadley, 

ass. 

Doan, Cuaruss S., A.M. (Pennsylvania). Head of the Dept. of Math., Friends’ Select School. 
Philadelphia, Pa. 140 N. 16th St. 

Dossin, Sister Martiona. Instr., St. Clara Coll., Sinsinawa, Wis. 

Dopp, Asso. Prof. E. L. Actuarial Math., Univ. of Texas, Austin, Tex. 3012 West Ave. 

Dou, THEopDoRE, B.S. (Northwestern). Fellow in Math., Northwestern Univ., Evanston, IIL, 
Swift Hall of Engineering. 

DonanveE, Asst. Prof. J. E. Univ. of Vermont, Burlington, Vt. Essex Junction, Vt. 

DottereER, J. E. 607 E. Penn St., Hoopeston, Ill. 

Dovauerty, Prof. N. Y. Military Academy, Cornwall-on-Hudson, N. Y. 

First Lieut. of Infantry, Officers Reserve Corps, National Army. 

Doveuerty, Lucy T. Instr., High School, Kansas City, Kan. 719 Washington Blvd. 

Dovetas, Dr.C. H. Editor-in-Chief, D.C. Heath and Co., New York, N.Y. 231-245 W. 39th St. 

Dovetas, Prof. J. L. Davidson Coll., Davidson, N. C. 

Dow .tna, Asso. Prof. L. W. Univ. of Wisconsin, Madison, Wis. 2 Roby Road. 

Downina. Asst. Prof. Harotp Harpesty, S.M. (Chicago). Univ. of Kentucky, Lexington, Ky. 
158 N. Ashland Ave. 

DraxTEN, N. A. Langenburg, Sask., Canada. 

DresbENn, Asst. Prof. Arnotp. Univ. of Wisconsin, Madison, Wis. 2114 Vilas St. 

Drokeg, Prof. G. W. Univ. of Arkansas, Fayetteville, Ark. 

Dueker, Prof. Ortirra W. Friends Univ., Wichita, Kan. 1616 University Ave. 

Dvxkgs, Supt. F. W. Virginia Mechanics’ Inst., Richmond, Va. 1014 E. Broad St. 

Duncan, Asst. Prof.C. R. Massachusetts Agric. Coll., Amherst Mass. Box 466. 

DunkEL, Asst. Prof. Orro. Washington Univ., St. Louis, Mo. 

DureELL, Dr. FtetcHer. Head of the Dept. of Math., Lawrenceville School, Lawrenceville, N. J. 

DurrFek, Prof. W. P. Hobart Coll., Geneva, N. Y. 639 Main St. 

DustHemer, Prof.O. L. Math. and Astr., Baldwin-Wallace Coll., Berea, O. 262 Beech St. 

Dvvat, Asso. Prof. E. P. R. Univ. of Oklahoma, Norman, Okla. 427 W. Boyd St. 


Eaates, Prof. T. R. Howard Coll., Birmingham, Ala. Boz 576, East Lake. 
Earteg, Prof. M. D. Furman Univ., Greenville, 8. C. 

Ecuots, Col. C. P. Prof. of Math., U. S. Military Academy, West Point, N. Y. 
Ecuots, Prof. W. H. Univ. of Virginia, Charlottesville, Va. University, Va. 
Eckerstey, J.O. Consulting Engineer, New York, N. Y. 4269 White Plains Ave. 
Epincton, W. E. Research Div., Signal Service, Leavenworth, Kan. 

Epmonpson, Prof. T. W. New York Univ., New York, N. Y. University Heights. 
Eetts, Prof. W.C. Applied Math., Whitman Coll., Walla Walla, Wash. 

Eecen, H. O. Instr., Junior Coll., Santa Ana, Cal. 1528 Spurgeon St. 
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ErestanpD, Prof. Jonn. West Virginia Univ., Morgantown, W. Va. 

EIsENHART, Prof. L. P. Princeton Univ., Princeton, N. J. 22 Alexander St. 

Emcu, Asst. Prof. ARNotD. Univ. of Illinois, Urbana, Ill. 604 W. Elm St. 

Emmons, Prof. C. W. Simpson Coll., Indianola, Ia. 1009 N. B Si. 

Emmons, Asst. Prof. L.C. Michigan Agric. Coll., East Lansing, Mich. 

Eneuisu, Harry. Head of the Dept. of Math., High Schools, Washington, D.C. 2907 P St.N.W. 

Epperson, Asso. Prof. C. A. First Dist. Normal School, Kirksville, Mo. 
First Lieut., Battery E, 61st Artillery, C. A. R.C. 

Eppes, J. B. Instr., Naval Academy, Annapolis, Md. 

Erickson, Asst. Prof. A.G. State Normal Coll., Ypsilanti, Mich. 712 Ellis St. 

Ericson, Henry. Instr., W. Div. High School, Milwaukee, Wis. 3414 Chestnut St. 

Escort, E. B. Auditing Dept., Kansas City Life Ins. Co., Kansas City, Mo. 

EsHLEMAN, J. D. Instr., Univ. of Rochester, Rochester, N. Y. 

Esty, Prof. T. C. Ambherst Coll., Amherst, Mass. 

Erriincer,, Adj. Prof. H. J. Appl. Math., Univ. of Texas, Austin, Tex. University Station, 
Tex. Detailed as instructor in school of milit. aeronautics, Univ. of Tex. 

Eze, Prof. Wit1amM Earnsuaw, A.M. (Paris, France). Coll. of St. Thomas, St. Paul, Minn. 

Evans, G. W. Headmaster, Charlestown High School, Boston, Mass. 

Evans, Prof. H. B. Univ. of Pennsylvania, Philadelphia, Pa. College Hall. 

Everett, Prof. J. P. W. State Normal School, Kalamazoo, Mich. 903 W. South St. 


Favuaeat, Prof. J. B. State Normal Coll., Kent, O. 226 Lincoln Ave. 

Freemster, Prof. H.C. York Coll., York, Neb. 

Fereuson, Zor. Centr. High School and Jun. Coll., St. Joseph, Mo. 216 N. 8th St. 
Ferry, Pres. F.C. Hamilton Coll., Clinton, N. Y. 

FiELD, Prof. FLoyp. Georgia School of Tech., Atlanta, Ga. 91 Bryan St. 

Fretp, P. A. Plainview Academy, Redfield, 8. D. 

Fretp, Asso. Prof. Peter. Univ. of Michigan, Ann Arbor, Mich. 

Capt. of Ordnance, Coast Artill., Sandy Hook Provg. Grounds, Fort Hancock, N. J. 
Finpiay, Prof. Wixu1am. McMaster Univ., Toronto, Canada. 153 Westminster Ave. 
Fring, Prof. H. B. Princeton Univ., Princeton, N. J. Library Place. 

FInKEL, Prof. B. F. Drury Coll., Springfield, Mo. 1227 Clay St. 

Fintey, Prof. G. W. State Teachers Coll., Greeley, Col. 1933 9th Ave. 

Fiscuer, Dr. C. A. Instr., Columbia Univ., New York, N. Y. 

Fisner, Prof. G. E. Univ. of Pennsylvania, Philadelphia, Pa. College Hall. 

Fiske, Prof. T.S. Columbia Univ., New York, N. Y. 

Fircu, ANNIE Louise Mackinnon (Mrs. Edward Fitch). Clinton, N. Y. 

Fire, Prof. W. B. Columbia Univ., New York, N. Y. Hamilton Hall. 

Firrerer, Prof. J. C. Civil and Irrig. Engg., Univ. of Wyoming, Laramie, Wyo. 611 S. 11th St. 

Firzpatrickx, T. J. Bethany, Neb. 

Fiaace, Exizaseta G. High School, Kansas City, Kan. 9th and Minnesota Ave. 

FianaGan, C. E. Actuary, Conservative Life Ins. Co., Wheeling, W. Va. 

Fieet, Prof. R. R. William Jewell Coll., Liberty, Mo. 

Fiynn, Prof. J.D. Trinity Coll., Hartford, Conn. 93 N. Beacon St. 

Fosera, J. A. Instr., Crane Jun. Coll., Chicago, Ill. 4031 N. Avers Ave. 

Fockg, Prof. T. M. Case School of Appl. Sc., Cleveland, O. 

Foraker, Asst. Prof. F. A. Univ. of Pittsburgh, Pittsburgh, Pa. 1204 Murtland Ave. 

Forp, Prof. W. B. Univ. of Michigan, Ann Arbor, Mich. 904 Forest Ave. 

Forsytu, Dr. C. H. Instr., Dartmouth Coll., Hanover, N. H. 

Fort, ToMuINsoNn, Ph.D. (Harvard). Prof. of Math., Univ. of Alabama, University, Ala. 

FRANKEL, Epwarp T., B.S. (Coll. of the City of New York). Statistician, Police Dept., New York, 
N.Y. 606 W. 135th St. 

FraNKIsH, ELLEN H. High School, Omaha, Neb. 4823 Capitol Ave. 

Frankuin, Dr. W.S. Lecturer in Physics and Elec. Engg., Mass. Inst. of Tech., Cambridge, Mass. 

Frencu, Dr. J. 8. Principal, Morris Heights School, Providence, R. I. 151 Morris Ave. 

FRUMVELLER, Prof. A. F. Marquette Univ., Milwaukee, Wis. 


Gasa, Dr. M. G. Instr., Cornell Univ., Ithaca, N. Y. 121 College Ave. 
GaIngs, Prof. R. E. Richmond Coll., Richmond College, Va. 
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GaLg, Prof. A.S. Univ. of Rochester, Rochester, N. Y. 11 Thayer St. 

Gatitoway, J. N., A.M. (Johns Hopkins). Instr., U.S. Naval Academy, Annapolis, Md. 

GARABEDIAN, Cart ArsuHaa, M.S. (Tufts). Instr., New Hampshire Coll., Durham, N. H. 

Garrett, Prof. W. H. Math. and Astr., Baker Univ., Baldwin, Kan. 

GaRRETSON, Dr. W. V. N. Pennsylvania Military Coll., Chester, Pa. 

Gavett, Asst. Prof. G.I. Univ. of Washington, Seattle, Wash. 5047 18th Ave. N. E. 

Gaytorp, H. D. Instr., Radcliff Coll.; Math. Master, Browne and Nichols School, Cambridge, 
Mass. 104 Hemenway St., Boston, Mass. 

Grsson, Emma M. Instr., Drury Coll., Springfield, Mo. 1189 Clay St. 

Grsson, Prof. J. L. Univ. of Utah, Salt Lake, Utah. 

GiuuesPig, Asst. Prof. D.C. Cornell Univ., Ithaca, N. Y. 706 E. Seneca St. 

Ginninoes, R. M. W. Illinois State Normal School, Macomb, Ill. 314 N. Ward St. 

GiTHEns, Dr. C. E. Superintendent, City Schools, Wheeling, W. Va. 222 N. Front St. 

GuazieRr, Prof. Harriet E. Western Coll. for Women, Oxford, O. 

GLENN, Prof:O.E. Univ. of Pennsylvania, Philadelphia, Pa. 127 McKinley Ave., Lansdowne, Pa. 

Guover, Prof. J. W. Math. and Insurance, Univ. of Michigan, Ann Arbor, Mich. 

GorrtTz, Matiupa. 343 E. 58th St., New York, N. Y. 

Goopricu, M. T. Principal, High School, Jay, Me. 

GossarD, Dr. H.C. Instr., U.S. Naval Academy, Annapolis, Md. 165 Green St. 

GouweEns, Cornetivs. Instr., State Univ. of Iowa, Iowa City, Ia. On leave of absence, gradu- 
ate school, Univ. of Chicago. R. F. D. 1, Box 225, South Holland, Cook Co., Ill. 

GraBeER, Prof. M. E. Physics, Heidelberg Univ., Tiffin,O. On leave of absence 1917-1918 Univ. 
of Chicago. Ryerson Laboratory. 

Grab, Leo M., B.S. in M.E. (Cooper Union). 63 Lenox Ave., New York, N. Y. 

GRAHAM, BrensaMIN, B.S. (Columbia). 46 Fort Washington Ave., New York, N. Y. 

Grant, Asso. Prof. E.D. Math. and Physics, Michigan Coll. of Mines, Houghton, Mich. 

GRANVILLE, Pres. W. A. Pennsylvania College, Gettysburg, Pa. 

Gravatt, T. E. Instr., Pennsylvania State College, State College, Pa. 

Graves, Dr. G. H. Instr., Purdue Univ., LaFayette, Ind. 348 State St., West LaFayette, Ind. 

Green, C.F. Asst., Univ. of Illinois, Urbana, Ill. Jn aviation service in France. 

Green, Dr. G. M. Instr., Harvard Univ., Cambridge, Mass. 27 Walker St. 

GREEN, Prof. R. L. Stanford Univ., Stanford University, Cal. 

GREENHILL, Sir Grorcb, M.A. Formerly Prof. of Math., Artillery Coll., Woolwich, England. 
1 Staple Inn, London, W.C., Eng. 

GrirFIn, Prof. F. L. Reed Coll., Portland, Ore. 

Grove, Asst. Prof. C. C. Columbia Univ., New York, N. Y. Hamilton Hall. 

Asst. Prof. C. F. Queen’s Univ., Kingston, Ont., Canada. 

GuMMERE, Prof. H. V. Drexel Inst., Philadelphia, Pa. Llanerck, Delaware Co., Pa. 

GUNDERSEN, Prof. Carn. Agric. and Mech. Coll., Stillwater, Okl. 217 College Ave. 

GunTHER, Prof. C. U. Stevens Inst. of Tech., Hoboken, N. J. P.O. Box 77. 

Guy, Prof. D. J. Whitworth Coll., Spokane, Wash. 


Haptey, Prof. Laurence. Earlham Coll., Earlham, Ind. 
Haptey, Prof.S. M. Penn Coll., Oskaloosa, Ia. 
HacetsteIn, E. L. 213 W. Harris Ave., San Angelo, Tex. 
Haicuer, C. E. Wentworth Inst., Boston, Mass. 293 Mount Auburn St., Watertown. 

Hains, J. W. Instr., Central High School and Temple Univ., Philadelphia, Pa. 

Hatpreman, C. B. Ross, Butler Co., O. 

Hatt, Prof. Anceto. U.S. Naval Academy, Annapolis, Md. 37 Madison St. 

Hatt, Prof. W.8. Lafayette Coll., Easton, Pa. College Campus. 

Hamitton, Prof. W. A. Beloit Coll., Beloit, Wis. 

Hamitton, W.M. Asst., Nautical Almanac Office, Washington, D. C. 

Hanawatt, Prof. F.W. Math. and Astr., Coll. of Puget Sound, Tacoma, Wash. 826 N. Steele St. 
Hancock, Prof. Harris. Univ. of Cincinnati, Cincinnati, O. 

Hanna, Asso. Prof. U.S. Indiana Univ., Bloomington, Ind. 828 Atwater Ave. 

Hansen, Prof. Potycarp. Math. and Astr., St. John’s Univ., Collegeville, Minn. 

Hanson, H.O. Mut. Life Ins. Co., East Elmhurst, L. I., N.Y. Ditmars Road. 

Harpine, Prof. A. M. Univ. of Arkansas, Fayetteville, Ark. 537 Leverett St. 
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Harpy, Prof. J.G. Williams Coll., Williamstown, Mass. 

Harniy, P. W. Holton, Kan. 

Harry, 8. C. Instr., Friends School, Baltimore, Md. 1530 Linden Ave. 

HarRSHBARGER, Prof. W. A. Washburn Coll., Topeka, Kan. 1401 College Ave. 

Hart, Prof. J. N. Univ. of Maine, Orono, Me. 

Harter, Prof.G. A. Math. and Physics, Delaware Coll., Newark, Del. 

HaseEMAN, Prof. Coartes. Math. and Mechanics, Univ. of Nevada, Reno, Nev. 

HASKELL, Prof. M. W. Univ. of California, Berkeley, Cal. P.O. Box 3. 

Hasster, Dr. J. O. Instr., Englewood High School, Chicago, Ill. 2301 W. 110th Place. 

Hawkes, Prof. H. E. Columbia Univ., New York, N. Y. 

Hayes, G. M. Instr., Coll. of the City of New York, New York, N. Y. 383 E. 195th St. 

Hays, Wriiu1AM Henry, A.B. (Missouri). Instr., Broadway High School, Seattle, Wash. 5643 
20th Ave. N. E. 

Haynes, Prof. E.8. Director, Smith Observ., Beloit Coll., Beloit, Wis. 

Hazarp, C.T. Instr., Purdue Univ., LaFayette, Ind. 411 N. Salisbury St., West LaFayette, Ind. 

Hazuett, OutveE C. Asso. Bryn Mawr Coll., Bryn Mawr, Pa. 

HEAL, a — E. Efficiency Accounting, Ww ashington, D.C. 3747 Huntington St., Chevy Chase, 


Semicon. Frit. E. R. Univ. of Missouri, Columbia Mo. 304 Hicks Ave. 

HEInz, ALBERT. Head of the Dept. of Math., Tsing Hua Coll., Peking, China. 

Hetwic, Mary E., A.B. (Kansas). Instr., High School, Kansas City, Kan. 736 State Ave. 

Henke, P. E. Instr., Georgia School of Tech., Atlanta, Ga. 513 Courtland St. 

HENDERSON, Ropert. Actuary, Equitable Life Assur. Co., New York, N.Y. 120 Broadway. 

HENNEL, Dr. Cora B. Instr., Indiana Univ., Bloomington, Ind. 822 E. 3d St. 

Herr, GertrupvE A. Instr., lowa State Coll., Ames, Ia. 803 Burnett Ave. 

Herron, Prof. C. L. Hillsdale Coll., Hillsdale, Mich. 

Hess, Prof.G. W. Shurtleff Coll., Alton, Ill. 2723 Brown St. 

Hiepon, J. E. 3609 Brooklyn, Kansas City, Mo. 

Hicutrower, Rusy. S. W. B. Coll., Bolivar, Mo. 

Hi~pesranpt, Asst. Prof. T.H. Univ. of Michigan, Ann Arbor, Mich. 513 Elm St. 

Hitz, Prescotr Witu1aM, A.M. (Brown). Battery A, 150th U.S. Field Artillery, 42d Div., Amer. 
Exped. Forces, in France; home address, 23 Barrows St., Providence, R. I. 

Hitt, W.H. Instr., High School, Greeley, Col. Apt. 2, Camfield Court. 

Hitton, H.H. With Ginn and Co., Chicago, Ill. 2301 Prairie Ave. 

Himwicn, Dr. A. A. Physician, New York, N. Y. 1913 Madison Ave. 

Hrinricus, C.G. Anal. and Consulting Chemist, St. Louis, Mo. 4112 Shenandoah Ave. 

Hirscu, Buancue. Principal, Alcuin Prep. School, New York, N. Y. 944 Park Ave. 

HirscuieEr, Prof. E. J. Math. and Astr., Bluffton Coll., Bluffton, O. 

Hitcxucock, Prof. R. R. Univ. of North Dakota, University, N. D. 

Hix, C. L. Instr., State Coll. of Washington, Pullman, Wash. 310 Monigomery St. 

Hoare, Prof. A. J. Fairmount Coll., Wichita, Kan. 1717 Holyoke Ave. 

Hosss, eae Witson, Ph.D. (Johns Hopkins). Instr., Univ. of North Carolina, Chapel Hill, 

Hosss, C. A. Private Tutor, Cambridge, Mass. 110 Garfield St., Watertown, Mass. 

Hopepon, F.C. With Ginn and Co., New York, N. Y. 70 Fifth Ave. 

Hopece, Prof. F.H. Franklin Coll., Franklin, Ind. 49 N. Hougham St. 

Hopexins, Prof. H. Li. George Washington Univ., Washington, D. C. 

Hopason, Prof. J. E. West Virginia Univ., Morgantown, W. Va. 185 Grant Ave. 

Hormann, Prof. ApamM. Dept. of Mech. Engg., St. Mary Coll., Dayton, O. 

Houper, Prof. F. J. Univ. of Pittsburgh, Pittsburgh, Pa. 

Homes, J.T. Farmer, Orleans, Ill. 

Hooper, Prof. F. F. Univ. of Chattanooga, Chattanooga, Tenn. 21 Battery Pl. 

Hoover, Prof. Wint1aM. Retired, Ohio Univ., Athens, O. 2/1 16th Ave., Columbus, O. 

Horxins, G.I. High School, Manchester, N.H. 841 Beech St. 

Hoppe, Oscar. With the Amer. Circular Loom Co., New York, N. Y. 90 West St. 

Horn, Marvet C. 429 Fourth St., Marietta, O. 

Horne, Dean C. E. Park Coll., Parkville, Mo. 

Hoskins, Prof. L. M. Appl. Math., Stanford Univ., Palo Alto, Cal. 365 Lincoln Ave. 

Hows, ANNA M. Fairmont Sem., Washington, D. C. 


THE MATHEMATICAL ASSOCIATION OF AMERICA 


Hows, Dean H.A _ Astr., Univ. of Denver, University Park, Col. 2201 S. Fillmore St. 

Howrn, J. M. State Normal School, Peru, Neb. 

Hs1a, Y. L., Ph.D. (Berlin). Dir., Science Dept., Peking Govt. Univ., Peking, China. 

Horr, Louise H. 3651 Russell Ave., St. Louis, Mo. 

Huaues, JEweEtt C. High School, Columbia, Mo. 305 College Ave. 

Hoxsourt, Prof. L.8. Johns Hopkins Univ., Baltimore, Md, 

Hume, Dean ALBERT. Math., Univ. of Mississippi, University, Miss. 

Huntineton, A. H. Asst. Prin., Ben Blewett Jun. High School, St. Louis, Mo. 5351 Von 
Versen Ave. 

Hountineton, Asso. Prof. E. V. Harvard Univ., Cambridge, Mass. 27 Everett St. 

Hurwitz, Asst. Prof. W. A. Cornell Univ., Ithaca, N. Y. White Hall. 

Hussey, Prof. W. J. Astr., Univ. of Michigan, Ann Arbor, Mich. 1308 Ann St. 

Hutcuinson. C. A. Instr., Wittenberg Coll., Springfield, O. 116 E. Ward St. 

Hyper, Emma. High School, Kansas City, Kan. 


IncELs, Prof. Nette L. Greenville Coll., Greenville, Ill. 

InGoLD, Prof. Byron. Math. and Astr., Culver-Stockton Coll., Canton, Mo. 
InGoLp, Asst. Prof. Louis. Univ. of Missouri, Columbia, Mo. 206 Thilly Ave. 
Irwin, Dr. Frank. Instr., Univ. of California, Berkeley, Cal. 1625 Arch St. 


Jackson, Asst. Prof. Dunnam. Harvard Univ., Cambridge, Mass. 5 Conant Hall. 

JACKSON, Prin. T. W. High School, Fulton, Mo. 

Jacoss, Jesse M. Grad. Stud., Univ. of Illinois, Urbana, Ill. 508 W. Green St. 

James, Asst. Prof. Guenn, A.M. (Indiana). Purdue Univ., LaFayette, Ind. 152 Sheetz St. 
West LaFayette, Ind. 

JaMmIsoN, Asso. Prof. G.H. State Normal School, Kirksville, Mo. Box 116. 

JARRETT, Ernet J. In care of C. T. Rushmore, Jr., Madison, N. J. 

JenIsON, J. R. Instr., Tarkio Coll., Tarkio, Mo. 

Jorre, 8S. A. Asst. Actuary, Mut. Life Ins. Co., New York, N. Y. 55 Cedar St. 

Jounson, Prof. B. F. State Normal School, Cape Girardeau, Mo. 

Jounson, E. A. Tutor, Coll. of the City of New York, New York, N. Y. 160 Vernon Ave., 
Brooklyn. 

JoHNSON,, Prof. E. N. Butler Coll., Indianapolis, Ind. 304 Downey Ave. 

Jounson, Prof. R. A. Hamline Univ., St. Paul, Minn. 

JOHNSON, STELLA M. Steinmetz, Mo. 

W. W. Instr. in Appl. Math., Y. M. C. A. Night Schools, Cleveland, O. 12013 Saywell 
Ave. 

JoHNSON, Prof. W.W. U.S. Navy. 201 Hanover St., Annapolis, Md. 

JouNsTON, Prof. Lpon SanrorD, A.M. (Missouri). State Normal School, La Crosse, Wis. 

Jones, Prof. E.H. So. Methodist Univ., Dallas, Tex. 

Jones, J. H. With Allyn and Bacon, Chicago, Ill. 1006 S. Michigan Ave. 

Jones, Prof. 8. I. Nashville Bible School, Nashville, Tenn. 

JorpaN, Asst. Prof. H. E. Univ. of Kansas, Lawrence, Kan. 1600 Kentucky St. 


KarpinskI, Asso. Prof. L.C. Univ. of Michigan, Ann Arbor, Mich. 1315 Cambridge Road. 

Kasner, Prof. Epwarp. Columbia Univ., New York, N. Y. 22 W. 119th St. 

Kean, Hueu Pratt, A.M. (Illinois). James Millikin Univ., Decatur, Ill. 135 Summit Ave. 

Kettoae, Prof.O. D. Univ. of Missouri, Columbia, Mo. 307 Thilly Ave. 

Kempner, Dr. A. J. Instr., Univ. of Illinois, Urbana, Ill. 907 W. California Ave. 

KENDALL, CLARIBEL. Instr., Univ. of Colorado, Boulder, Col. 1057 13th St. 

Kenison, Asso. Prof. Erwin. Drawing and Desecr. Geom., Mass. Inst. of Tech., Cambridge, 
Mass. 105 Mt. Auburn St., Watertown, Mass. 

KENNELLY, Prof. A. E. Elec. Engg., Harvard Univ. and Mass. Inst. of Tech., Cambridge, Mass. 
Harvard University. 

Kent, J. M. Instr. in Steam and Elec., Man. Tr. High School and Polytech. Inst. Night School, 
Kansas City, Mo. 2446 Harrison St. 

Kenyon, Prof. A. M. Purdue Univ., LaFayette, Ind. 315 University St., West LaFayette, Ind. 

Kepret, Prof. H.G. Univ. of Florida, Gainesville, Fla. R. F. D. 2. 

Kerr, F. L. Instr., Northwestern Univ., Evanston, Ill. 2020 Sherman Ave. 
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Kiss, Prof. H. A. Albright Coll., Myerstown, Pa. 
Kinng, Asst. Prof. J. H. Univ. of Cincinnati, Cincinnati, O. 
Kine, Caru. Instr. in Prac. Math., Wentworth Inst., Boston, Mass. 22 Aldworth St., Jamaica 
Plain, Mass. 

Kinoeston, Dr. H. R. Lecturer in Math. and Astr., Univ. of Manitoba, Winnipeg, Man., Canada. 
Kinney, J. M. Instr., Hyde Park High School, Chicago, Ill. 62d St. and Stony Island Ave. 
Kircuer, Dr. Epwarp. Benjamin Peirce Instr., Harvard Univ., Cambridge, Mass. 

Capt., C. A. O. R. C., Fort Strong, Boston, Mass. 
Kune. I. E. High School, Atlantic City, N. J. 
Knapp, Prof. G. A. Maryville Coll., Maryville, Tenn. 
KniseLy, ALEXANDER. Instr., Science of Accts., Valparaiso Business Coll., Columbia City, Ind. 
Kocn, E. H., Jr. High School of Commerce, New York, N. Y. 8748. 15th St., Newark, N. J. 
Konantz, Asso. Prof. Emma L. Ohio Wesleyan Univ., Delaware,O. Boz 46. 
Kovarik, Asst. Prof. A. F. Sheffield Scientific School, New Haven, Conn. Sloane Laboratory. 
KRraTHWOBL, Asst. Prof. W. C. Armour Inst. of Tech., Chicago, Ill. 6415 Greenwood Ave. 
Kretu, Danreu. Surveyor and Civil Engr., Wellman, Ia. 
Kristau, F. A. Instr., Cascadilla School, Ithaca, N. Y. 
KtsTermMann, Dr. W. W. Instr., Univ. of Michigan, Ann Arbor, Mich. 716 Forest Ave. 
Kuan, Prof. H.W. Ohio State Univ., Columbus, O. Station A, R. R. 6. 
Kuo Catv Liv. In care of Edward Evans and Sons, Shanghai, China. 


LAMBERT, Prof. P. A. Lehigh Univ., South Bethlehem, Pa. 215 S. Center St., Bethlehem, Pa. 
LaMBERT, W. D. U.S. Coast and Geodetic Survey, Washington, D. C. 
First Lieut. under the war dept. for active service. 
LAMPLAND, C.O. Astronomer, Lowell Observatory, Flagstaff, Ariz. 
Lanois, Prof. W. W. Dickinson Coll., Carlisle, Pa. 
saaeeg ag A. E. Catholic Univ. of America, Washington, D.C. 3624 13th St., Brookland, 
D.C. 


LANGELLOTT!I, Frank. Asst., Nautical Almanac Office, Washington, D. C. 

memes aay Statistician, Ocean Accid. and Guarantee Corporation, New York, N. Y. 
59 John St. 

LANIGAN, J. A.. M.D. 412 Fourth St., Niagara Falls, N. Y. 

Larew, Adj. Prof. Gintre A. Randolph-Macon Coll., Lynchburg, Va. 

Laster, J. W., Jr. Instr., Univ. of North Carolina, Chapel Hill, N. C. 

LatuaM, Marcia L. Instr., Hunter Coll., New York, N. Y. 512 W. 123d St. 

Lavss, Asso. Prof. Kurt. Astr., Univ. of Chicago, Chicago, Ill. 4611 Kenwood Ave. 

LAWRENCE, Prof. R.S. Hanover Coll., Hanover, Ind. Box 113. 

Leavens, D. H. Instr., Coll. of Yale in China, Changsha, China. 

Lerscuetz, Asst. Prof. Souomon. Univ. of Kansas, Lawrence, Kan. 937 Missouri St. 

LeuMan, Prof. D. A. Math. and Astr., Goshen Coll., Goshen, Ind. 

an > sy 3 Henry, B.S. in M.E. (Cooper Union). 1766 Amsterdam Ave., New 

ork, IN. 

Leumer, Asso. Prof. D. N. Univ. of California, Berkeley, Cal. 2736 Regent St. 

Ler, Asso. Prof. D. D. Connecticut Coll. for Women, New London, Conn. 

Lenngs, Prof. N. J. Univ. of Montana, Missoula, Mont. 1107 Gerald Ave. 

LEONARD, Prof. H. B. Univ. of Arizona, Tucson, Ariz. 

Lester, Prof.O.C. Physics, Univ. of Colorado, Boulder, Col. 1061 11th St. 

Lz Srourceon, Dr. Ftora E. The Liggett School, Detroit, Mich. 67 Garfield Ave. 

Lewis, Asst. Prot. FLoreENcE P. Goucher Coll., Baltimore, Md. 2435 N. Charles St. 

Lissy, B. B. With the Gypsy Oil Co., Tulsa, Okla. 209 Clinton Bldg. 

Lieut, Asst. Prof.G.H. Univ. of Colorado, Boulder, Col. 958 Pleasant St. 

Linpquist, Prof. THroporE. State Normal School, Emporia, Kan. 1119 State St. 

Linpsgy, Asst. Prof. Louis. Syracuse Univ., Syracuse, N. Y. 726 University Ave. 

Linenan, Asst. Prof. P. H. Coll. of the City of New York, New York, N. Y. 346 Convent Ave. 

Line, Prof.G. H. Univ. of Saskatchewan, Saskatoon, Sask., Canada. 

Linton, M. A. Asso. Actuary, Prov. Life and Trust Co., Philadelphia, Pa. 409 Chestnut St. 

Lipxa, Asst. Prof. JosepH. Mass. Inst. of Tech., Cambridge, Mass. 

Locks, L. L. Brooklyn Tr. School for Teachers, Brooklyn, N. Y. 950 St. Johns Pl. 

Logspon, Mrs. Mayme I. Instr., Northwestern Univ., Evanston, Ill. 629 Foster St. 
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LONGLEY, Asst. Prof. W. R. Sheffield Scientific School, New Haven, Conn. 266 Willow St. 
Lorp, R. W. High School, Plainfield, N. J. 1238 Lenox Ave. 

Lorp, W. L. Master in Math., Woodberry Forest School, Woodbury Forest, Va. 

Loup, Prof. F. H. Emeritus, Colorado Coll., Colorado Springs, Col. Box 1006. 

Lovett, Pres. E.O. Rice Inst., Houston, Tex. 

Lusy, W. A. Instr., Kansas City Polytech. Inst., Kansas City, Mo. 322 S. Lawn St. 
Luck, Adj. Prof. J. J. Univ. of Virginia, University, Va. Colonnade Club. 

Luptow, Col. H. H. Army, Fort Stevens, Ore. 

Lunn, Asso. Prof. A.C. Appl. Math., Univ. of Chicago, Chicago, IIl. 

Lunn, Supt. L. E. High, Graded, and Industr. Schools, Heron Lake, Minn. 

Lupren, U. J. Instr., Math. and Elec., Textile School, Lowell, Mass. 

Lyman, Prof. E. A. Michigan State Normal Coll., Ypsilanti, Mich. 126 S. Washington St. 
Lytiz, Dr. E. B. Asso., Univ. of Illinois, Urbana, Ill. 603 S. Orchard St. 


Masr_ey, Prin. F. D. High School, Bennington, Vt. 
Macponaup, Marta. Instr., Free School of Man. Tr., Pullman, Chicago, Ill. 5557 University 
Ave., Chicago. 
MacponaLbD, Prof. 8. L. Colorado Agric. Coll., Fort Collins, Col. 
MacKinnon, ANNIE L. See Fitch, Mrs. Edward. 
Mactay, Prof. James. Columbia Univ., New York, N. Y. 
MacMu1an, Asst. Prof. W. D. Astr., Univ. of Chicago, Chicago, Ill. 5142 Kimbark Ave. 
MacNeisu, Dr. H. F. Instr., De Witt Clinton High School, New York, N.Y. 435 W. 117th St. 
MacNvtt, Prof. Barry. Physics, Lehigh Univ., South Bethlehem, Pa. Dept. of Physics. 
McAulster, Prof. H. L. Ouachita Coll., Arkadelphia, Ark. 
—_ Ph.D. (Chicago). Instr., Univ. of Illinois, Champaign, Ill. 512 E. 
aniel St 
McCaw, Prof. GertrupEI. Oxford Coll. for Women, Oxford, O. 
McCarty, A. L. Instr., Lowell High School, San Francisco, Cal. 2525 Cedar St., Berkeley, Cal. 
McC tenon, Assoc. Prof. R. B. Grinnell Coll., Grinnell, Ia. On leave of absence, second semester 
1917-1918, 501 W. 121st St., New York, N. Y. 
McCoarp, Prof.G. W. Ohio State Univ., Columbus, O. 
McCormick, Ciarence, A.M. (Clark). R.R. No. 1, Arkansas City, Kan. 
McEwen, Dr. G. F. Hydrographer, Scripps Inst. for Biol. Research, La Jolla, Cal. Boz 68. 
McGaw,, Asst. Prof. F. M. Math. and Man. Tr., Cornell Coll., Mt. Vernon, Ia. 
McKeE vey, Dr. J. V. Instr., Cornell Univ., Ithaca, N. Y. 
Second Lieut., Co. A, 312th Inf., Natl. Army, Camp Dix, Wrightstown, N.J., on leave of absence. 
McKinney, Prof. T. E. Math. and Astr., Univ. of South Dakota, Vermilion, 8. D. 222 N. 
University St. 
McLavry, Prof. H. L. South Dakota School of Mines, Rapid City, 8. D. 
McManon, Prof. Jamms. Cornell Univ., Ithaca, N. Y. 7 Central. Ave. 
McMutian, Mary Betu, A.M. (Wisconsin). Instr., State Normal School, River Falls, Wis. 
MeNatt, JeEppo Q. Div. Engr., Colorado Fuel and Iron Co., Florence, Col. 
McNEILL, Prof. Matcotm. Math. and Astr., Lake Forest Coll., Lake Forest, Ill. 
Manson, Nina A. _Instr., Iowa State Coll., Ames, Ia. 155 N. Lincoln Way. 
Maena, Sister Mary, A.M. (Catholic Univ. of America). Science Dept., St. Benedict’s Coll., 
St. Joseph, Minn. 
Manoney, J. O. Instr., Forest Ave. High School, Dallas, Tex. 1900 Crockett St. 
Ma ttory, Virait S., A.B. (Columbia). Vice-Prin., Dumont (N. J.) High School. 820 Van 
Buren Pl., North Bergen, N. J. 
Manco, Prof. M. Cecenta. Trinity Coll., Washington, D. C. 
Mannina, Hersert Mitier, M.D. (George Washington Univ.). Surgeon, U. S. Pub. Health 
Service, Charleston, 8. C. 
Mannina, Asso. Prof. H. P. Pure Math., Brown Univ., Providence, R. I. 
_Marxiey, Prof. J. L. Univ. of Michigan, Ann Arbor, Mich. 1816 Geddes Ave. 
Marriott, Asst. Prof. R. W. Swarthmore Coll., Swarthmore, Pa. 
MarsHALL, Asst. Prof. Ropert H., A.M. (Illinois). State Man. Tr. Normal School, Pittsburg, 
Kan. 1803 S. Elm. 
Martin, Dr. AnTEMAs. Computer, U.S. Coast and Geod. Survey, Washington, D. C. 1532 
Columbia St. N. W. 
Martin, Asso. Prof. Emirre N. Mt. Holyoke Coll., South Hadley, Mass. Boz 205. 
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ites” Prof. L. A., Jr. Mechanics, Stevens Inst. of Tech., Hoboken, N. J. 911 Castle Point 

errace. 

MaTHESON, Prof. Jonn. Queen’s Univ., Kingston, Canada. 

Matuews, R. M. Instr., Riverside Jun. Coll., Riverside, Cal. 1234 W. 12th St. 

Martuewson, Asst. Prof. L. C. Dartmouth Coll., Hanover, N. H. 

Mayer, E. 8. Instr., Rayen High School, Youngstown, O. 356 Park Ave. 

MENDENHALL, GERTRUDE W. Head of the Dept. of Math., State Normal Coll., Greensboro, N. 
1023 Spring Garden St. 

MENDENHALL, Prof. W.O. Earlham Coll., Richmond, Ind. 204 College Ave. 

MENSENKAMP, Louis EpwarD, A.B. (Illinois). Instr., High School, Freeport, Ill. &1 Cottonwood St. 

MERGENDABL, Prof. T. E. Coll. of Emporia, Emporia, Kan. 728 State St. 

Merri.u, Prof. HELEN A. Wellesley Coll., Wellesley, Mass. Walder Hall. 

MeErRRIMAN, Dr. Mansrietp. Consulting Engr., New York, N. Y. 1071 Madison Ave. 

Merriss, A. A. 913 E. 23d St. N., Portland, Ore. 

Messick, Prof. J. F. Alabama Polytech. Inst., Auburn, Ala. 

Mertcatr, W. V. Oberlin, Ohio. Jn Red Cross ambulance work in France. 

MiKeEsu, JAMES STEPHEN, A.B. (Minnesota). Dir., Junior Coll., Hibbing, Minn. Hotel Touraine. 

Mitgs, Asst. Prof. E.J. Sheff. Scientific School, Yale Univ., New Haven, Conn. 71 Marvil Road. 

Mutter, Prof. Besstz I. Rockford Coll., Rockford, Ill. 

MILLER, EARLE BRENNEMAN, A.M. (Chicago). Instr., Univ. of Colorado, Boulder, Col. 921 Regent. 

Mutter, Prof. F. E. Otterbein Coll., Westerville, O. 

Mutter, Prof. G. A. Univ. of Illinois, Urbana, Ill. 1103 W. Illinois St. 

Prof. Isatan Lesiip, A.M. (Indiana). Carthage Coll., Carthage, Ill. 321 N.Madison St, 

Miter, Prof. J. A. Math. and Astr., Swarthmore Coll., Swarthmore, Pa. 

Muter, Prof. J.S. Emory and Henry Coll., Emory, Va. 

Mu1ts, Asst. Prof. C. N. South Dakota Coll., Brookings, 8. D. 

Mitts, VicENTE. Surveyor, Bureau of Lands, Dept. of Agric. and Nat. Resources, Manila, P. I, 

Ming, Asst. Prof. W. E. Bowdoin Coll., Brunswick, Me. & McLellan St. 

Minnick, JoHN Harrison, A.M. (Indiana). Instr., Univ. of Pennsylvania, Philadelphia, Pa. 
958 S. Paxon St. 

Mirick, G. R. Instr., High School, New Castle, Pa. 

War service; in charge of the benzol and toluol dept., Minn. By-Product Coke Co., St. Paul, 

Minn. 1437 Capitol Ave. 

Miser, Asst. Prof. W. L. Univ. of Arkansas, Fayetteville, Ark. 

MircHetz, Prof. H. B. Columbia Univ., New York, N. Y. 80 Washington Square. 

MirTcHeE.., Asso. Prof. U.G. Univ. of Kansas, Lawrence, Kan. 1313 Mass. St. 

Mouina, E.C. Tel. Engr., Amer. Tel. and Tel. Co., New York, N. Y. 15 Dey St. 

Moopy, Prof. W. A. Bowdoin Coll., Brunswick, Me. 60 Federal St. 

Moors, Asso. Prof. C. L. E. Mass. Inst. of Tech., Cambridge, Mass. 

Moore, Prof. C. N. Univ. of Cincinnati, Cincinnati, O. 501 Sandheger Pl. 

Moors, Prof. E.H. Univ. of Chicago, Chicago, Ill. 5607 Kenwood Ave. 

Moors, Asso. Prof. F.C. New Hampshire Coll., Durham, N. H. 

Moors, Asst. Prof. R. L. Univ. of Pennsylvania, Philadelphia, Pa. 5936 Washington Ave. 

Moore, Wesr.£y Apotrxvs, A.B. (Southern Univ.). 110 Fourth St., Montgomery, Ala. 

Moreno, Asso. Prof. H. C. Appl. Math., Stanford Univ., Stanford University, Cal. Boz 894. 

Morenvs, Asso. Prof. Eugenre M. Sweet Briar Coll., Sweet Briar, Va. 

Moraga, Asst. Prof. F. M. Dartmouth Coll., Hanover, N. H. 

Moraan, P. 8. Scott, O. 

Moriarty, M. M.S _ High School, Holyoke, Mass. 3 Magnolia Ave. 

MortitTz, Prof. R. E. Univ. of Washington, Seattle, Wash. On leave second semester 1917-1918. 

Mor ey, Prof. Frank. Johns Hopkins Univ., Baltimore, Md. 2026 Park Ave. 

Mortey, Asst. Prof. R. K. Worcester Polytech. Inst., Worcester, Mass. 7 Belvidere Ave. 

MorninostaR, CHARLOTTE. Grad. Asst., Ohio State Univ., Columbus, O. 1275 Franklin Ave. 

Morris, Prof. C.C. Math. and Engg., Ohio State Univ., Columbus, O. 

Morris, F. R. Teaching Fellow, Univ. of California, Berkeley, Cal. 2034 Durant Ave. 

Morais, Prof. Ricnarp. Rutgers Coll., New Brunswick, N. J. 16 Cedar Ave. 

Morrison, Etste. Lady Prin., Frances Shimer School, Mount Carroll, Ill. 

Morrow, E. B. Senior Master, Gilman Country School, Roland Park, Md. 

Morrow, Asst. Prof. A. B. Georgia School of Tech., Atlanta, Ga. 
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Morts, E. T. Student, Civ. Engg., Notre Dame Univ., Notre Dame, Ind. 811 Cleveland 
Ave., South Bend, Ind. 
Movtton, Asso. Prof. E. J. Northwestern Univ., Evanston, Ill. 909 Colfax St. 
Mov tron, Prof. F. R. Astr., Univ. of Chicago, Chicago, Ill. 
Major in Ordnance Dept., Washington, D. C. 
MovraD, Lieut. Satis. Imper. Naval Coll., Halki, Constantinople, Turkey. 
Murr, Sir THomas. Late Superintendent-General of Educ., Cape Colony, 8. A. Elmcote, San- 
down Road, Rondebosch, S. A. 
MussetmaNn, Dr. J. R. On the Statistical Staff, U. S. Food Commission, Washington, D. C. 
Myers, Prof.G.W. Teaching of Math. and Astr., Univ. of Chicago, Chicago, Ill. 1953 E. 72d St- 
Myers, Prof. H.S. Huron Coll., Huron, 8. D. 


Naver, A. R. Mech. Engr., St. Louis, Mo. 300 Lynch St. 
Nerr, Prof. I. F. Drake Univ., Des Moines, Ia. 2801 Brattleboro Ave. 
Nerxirk, Asst. Prof. L. I. Univ. of Washington, Seattle, Wash. 4723 21st Ave., N.E. 
Netson, Dr. A. L. Instr., Univ. of Michigan, Ann Arbor, Mich. 1101 E. University Ave. 
Netson, C. A. Grad. Stud., Univ. of Chicago, Chicago, Ill. 5520 Blackstone Ave. 
Netson, I. I. Vice-Prin., High School, Austin, Tex. 
NEWELL, Marquis J., A.M. (Michigan). Twp. High School, Evanston, Ill. 2017 Sherman Ave. 
Newkirk, Asst. Prof. B. L. Coll. of Engg., Univ. of Minn., Minneapolis, Minn. 
Newson, Mrs. Mary W. Asst. Prof., Washburn Coll., Topeka, Kan. Whitin Hall. 
NicuHots, Asso. Prof. I. C. Louisiana State Univ., Baton Rouge, La. 
Nose, Asso. Prof. C. A. Univ. of California, Berkeley, Cal. 2224 Piedmont Ave. 
Nouan, M. T. High School, Dunmore, Pa. 
Norton, Prof. A. H. Elmira Coll., Elmira, N. Y. 

On leave of absence, engaged in Y. M. C. A. work in France. 
Norton, Mrs. Mary B. Prof., Cornell Coll., Mount Vernon, Ia. 
Norwoop, C. E. Instr., U.S. Naval Acad., Annapolis, Md. 23 State Circle. 
Nysera, J. A. Instr., Hyde Park High Sch., Chicago, Ill. 6214 Dorchester Ave. 


Oa.essy, Prof. E. J. Coll. of William and Mary, Williamsburg, Va. 

Oups, Prof.G. D. Amherst Coll., Amherst, Mass. 3 Orchard St. 

Otson, H. L. Instr., Heidelberg Univ., Tiffin, O. 7 Clinton Ave. 

Otson, Prof. H. N. Bethany Coll., Lindsborg, Kan. Box 288. 

OsBorNE, Prof.Grorce Emeritus, Mass. Inst.of Tech., Cambridge, Mass. 249 Berkeley 
St., Boston, Mass. 

Oscoop, Prof. W. F. Harvard Univ., Cambridge, Mass. 7 Avon Hill St. 

O’SHaucungssy, Dr. Louis. Instr., Univ. of Pennsylvania, Philadelphia, Pa. Boz 6, College Hall. 

Ort, W. P., Ph.D. (Chicago). Instr., Vanderbilt Univ., Nashville, Tenn. 

OveRMAN, J. R. Head of the Dept. of Math., State Normal Coll., Bowling Green, O. 

Owen, R. E. R. F. D. 1, Forest, O. 

Owens, Asst. Prof. F. W. Cornell Univ., Ithaca, N. Y. 110 Westburne Lane. 


PAASWELL, GrorGE. Civ. Engr., New York, N. Y. 2726 Creston Ave. 
Patmer, Asso. Prof. C.I. Armour Inst. of Tech., Chicago, Ill. 6440 Greenwood Ave. 
Patmer, Emity G. High School, Salem, Ore. 645 Chemeketa St. 
Pautmer, E. 8. Ballistic Engr., Winchester Repeating Arms Co., New Haven, Conn. 1534 
Boulevard. 
Paumié, Prof. ANNA H. Coll. for Women, Western Reserve Univ., Cleveland, O. 
On leave of absence 1917-1918; Box 371, Point Pleasant, N. J. 
Panpya, N. P. Head Master, High School, Sojitra, B. B. & C. I. Ry., Dt. Pettad, India. 
reams oy E. A. Science, West Phila. High School for Boys, Philadelphia, Pa. 48th and 
Talnut Sts. 
Patten, Prof. W.E. Civ. Engg., Govt. Inst. of Tech., Shanghai, China. Box 702, American P.O. 
PaTTENGILL, Asso. Prof. E. A. Iowa State Coll., Ames, Ia. 2 Welch Ave. 
Patterson, Prof. K. B. Math. and Astr., Lenoir Coll., Hickory, N.C. 251 10th Ave. 
Payne, Asst. Prof. Coarues J., A.M. (Harvard). State Normal School, Cape Girardeau, Mo. 
Pearson, Prin. D.C. New Mexico Milit. Inst., Roswell, N. M. 
PEASLEE, Rev. A. N. Saint George’s School, Newport, R. I. 
PrpersEn, Asst. Prof. F. M. Coll. of the City of New York, N. Y. 452 W. 144th St. 
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Prep, Prof. M. T. Emory Coll., Oxford, Ga. 
Preurson, E. W. 1748 Oxford St., Berkeley, Cal. 
Pei, Dr. ALEXANDER. South Hadley, Mass. 
Petu, Asso. Prof. Anna J. (Mrs. Alexander Pell). Mt. Holyoke Coll., South Hadley, Mass. 
Penn, SAMUEL SipnEy. 834 Hewitt Pl., Brooklyn, N. Y. 
Perkins, Asst. Prof. L. R. Middlebury Coll., Middlebury, Vt. 
Perry, Winona Mertz, A.M. (Brown). Tech. High School, Providence, R.I. 57 Gordon Ave. 
Prererson, C. A. V. Electrician, Minneapolis, Minn. 4341 Minnehaha Ave. 
Perrersen, Asst. Prin. C. A. Carl Schurz High School, Chicago, Ill. 3922 Lowell Ave. 
Prant, H. F. 1304 W. Boulevard, Cleveland, O. 
PHALEN, Prof. H. R. Berea Coll., Berea, Ky. 
Puetps, Prof. EARLE BERNARD, BS. (Mass. Inst. of Tech.). Chem., Hygienic Lab., U. 8. Pub. 
Health Service, Washington, D.C. 3215 35th St. N.W 
Putuip, Asst. Prof. Maxrminian. Coll. of the City of New York, New York, N. Y. 
Puiuuies, Asst. Prof. H. B. Mass. Inst. of Tech., Cambridge, Mass. 
Pr Mu Epsiton FRATERNITY, Secy. of. Syracuse Univ., Syracuse, N.Y. Box 13, Faculty Post 
Office, Hall of Languages. 
Pitcuer, Prof. A.D. Adelbert Coll., Western Reserve Univ., Cleveland, O. 
Puant, Prof. L.C. Michigan Agric. Coll., East Lansing, Mich. 
Ponp, Adj. Prof. R.S8. Univ. of Georgia, Athens, Ga. 159 Dearing St. 
Porter, Asst. Prof. H. E. Kansas State Agric. Coll., Manhattan, Kan. 
In national service. 
Porter, Prof. M.B. Univ. of Texas, Austin, Tex. 
Porter, P.C. In national service, aviation. 
Posey, F. D. Div. Superintendent, Genl. Pipe Line Co., Lebec, Cal. 
In national service, Co. D, 21st Inf. 
Pounper, I. R. Lecturer in Math., Univ. of Toronto, Toronto, Canada. 
Preston, AMy F. Box 871, Knoxville, Tenn. 
Preston, GERTKUDE E. Dana Hall School, Wellesley, Mass. 1 Middlesex St. 
Preston, Asst. Prof. J. B. Ohio State Univ., Columbus, O. 290 E. 15th*Ave. 
Prompt, Dr. P. Y. Turin, Italy. Corda Vittorio, Emanuele, 44. 
Putnam, Asso. Prof. T. M. Univ. of California, Berkeley, Cal. 


QuiG Ey, Prof. Jessts Grace, A.M. (Columbia). Coll. of Saint Teresa, Winona,* Minn. 
Quinn, J. J. 40 Rice Ave., Midland Pa. 


Asso. Prof. Virainta State Normal Coll., Greensboro, N.C. Jamestown, N.C. 
Ragin, Soe JoHNsON, Ph.D. (Grove City Coll.). Attorney and Counselor at Law, 
aluda, 
Ramter, O. J. Instr., Catholic Univ. of America, Washington, D.C. 12 Girard St. N.E. 
Aiding in the U. S. Civil Service Commission. ¥ 
RaMSDELL, Prof. G. E. Bates Coll., Lewiston, Me. 40 Mountain Ave. 
Ramsey, ArtHuR. Instr., Grove City Coll., Grove City, Pa. 2368S. Broad St. 
RaNnpDOLPH, Oscar ALAN, Ph.D. (Illinois). Instr., Physics, Univ. of Colorado, Boulder, Col. 802 
University Ave. 
Rank, W. W., Jr. Instr., Univ. of North Carolina, Chapel Hill, N. C. 
Ransom, Prof. W. R. Tufts Coll., Tufts College, Mass. 
RanvM, Asst. Prof. ArTHuR. Cornell Univ., Ithaca, N. Y. 612 University Ave. 
Rasor, Prof. 8. E. Ohio State Univ., Columbus, O. 1594 Neil Ave. 
Rav, Dean A.G. Moravian Coll., Bethlehem, Pa. 63 Broad St. 
Rawutns, Dr. C. H., Jr. Instr., Delaware Coll., Newark, Del. 
Raynor, G. E. Stud., Univ. of Washington, Seattle, Wash. 4523 29th Ave. 
Reaves Prof.8. W. Univ. of Oklahoma, Norman, Okla. 207 Boyd St. 
Reppick, Prof. H. W. Cooper Union, New York, N. Y. 
Reece, Prof. R. H. New Mexico School of Mines, Socorro, N. M. 
Reep, Asso. Prof. L. J. Univ. of Maine, Orono, Me. 
Statistician to the War Trade Board, Washington, D. C., on leave of absence. 
Rees, Asso. Prof. E..L. Univ. of Kentucky, Lexington, Ky. 726 E. Main St. 
REEVE, W. D. Instr., Coll. of Educ., Univ. of Minnesota, Minneapolis, Minn. 
REEVES, Prof. W. M. Math. and Astr., Cotner Univ., Bethany, Neb. 
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Rew, Prof. Lec Wiser, Ph.D. (Géttingen). Haverford Coll., Haverford, Pa. 

Reiuy, Asso. Prof. J. F. State Univ. of Iowa, lowa City, Ia. 624 S. Governor St. 

Remick, Prof. B. L. Kansas State Agric. Coll., Manhattan, Kan. 613 Houston St. 

Requva, Prof. Emma M. Hunter Coll., New York, N. Y. 

Reyno.ps, C. N., Jr. Instr., Wesleyan Univ., Middletown, Conn. 11 Pearl St. 

Reyno.ps, Asso. Prof. F. G. Coll. of the City of New York, New York, N. Y. St. Nicholas 
Terrace and 138th St. 

Reyno.ps, Asst. Prof. J.B. Math. and Astr., Lehigh Univ.,South Bethlehem, Pa. 632 W4Broad 
St., Bethlehem. 

Raoron, Prof. A. L. Georgetown Coll., Georgetown, Ky. 

Ricuarpson, M. R. 618 McMannen St., Durham, N. C. 

RicHARDSON, Prof. R.G. D. Brown Univ., Providence, R. I. 

Ricuert, Prof. D.H. Math. and Astr., Bethel Coll., Newton, Kan. 

Ricumonp, H. W. Fellow and Lecturer, King’s Coll.; Lecturer, Univ. of Cambridge. King’s 

College, Cambridge, England. 

RickarD, Hortense. Asst., Ohio State Univ., Columbus, O. 333 W. 10th Ave. 

Riwer, Dr. P. R. Instr., Washington Univ., St. Louis, Mo. 

Ringaway, Prof. C. B. Univ. of Wyoming, Laramie, Wyo. 318 S. Ninth St. 

Retz, Prof.H.L. Math. Statistics; Statistician, Agric. Exper. Sta., Univ. of Illinois, Urbana, Ill. 
1107 W. Oregon St. 

Riaas, Prof. N.C. Appl. Mechanics, Carnegie Inst. of Tech., Pittsburgh, Pa. 

Ritey, Atpert A., Phar.D. (George Washington Univ.). 1801 Columbia Rd. N.W., Apt. 2, 
Washington, D. C. 

Ritey Prof. J. L. Jun. Agric. and Mech. Coll., Stephenville, Tex. 

Rinck, Prof. Witu1amM. Theolog. School and Calvin Coll., Grand Rapids, Mich. 530 Norwood Ave. 

Ristey, Prof. W. J. James Millikin Univ., Decatur, Ill. 1340 W. Macon St. 

M.E. (Keystone State Normal). 4133 N.: Ninth St., Phila- 

elphia, 

Roacu, O. A. 401 Cedar St., San Antonio, Tex. 

Rossins, C. K. _Instr., Purdue Univ., LaFayette, Ind. 418 Vine, West LaFay yelte, Ind. 

Rosert, H. M.., Jr. Instr., U.S. Naval Acad., Annapolis, Md. 

Roserts, Prof. Marta M. Iowa State Coll., Ames, Ia. 219 Ash Ave. 

Rosinson, Fannie H. High School, Bangor, Me. 142 Hammond St. 

Ropasrs, Prof. T. G. New Mexico Normal Univ., East Las Vegas, N. M. 1018 4th St. 

Rog, Prof. E. D., Jr. Syracuse Univ., Syracuse, N. Y. 123 W. Ostrander Ave. 

Rosser, Harry M., B.S. (Okla. Agric. and Mech. Coll.). Bureau of Standards, Washington, D. C. 

Roever, Prof. W.H. Washington Univ., St. Louis, Mo. 

Roman, Irwin. Instr., Northwestern Univ., Evanston, Ill. 813 Gaffield Pl. 

Root, Prof. R. E. Mech. and Engg. Math., Post Grad. Dept., U.S. Naval Acad., Annapolis, Md. 
7? Franklin St. 

RosesrueH, Prof. T. R. Elec. Engg., Univ. of Toronto, Toronto, Canada. 92 Walmer Rd. 

ROSENBACH, JOSEPH BERNHARDT, A.B. (New Mexico). Instr., Univ. of New Mexico, Albuquerque, 
v 801 N. Fourth St. 

RosENBAUM, Dr. JosepH. Milford, Conn. 

Rorsrock, Prof. D. A. Indiana Univ., Bloomington, Ind. 1000 Atwater Ave. 

Rows, Asso. Prof. J. E. Pennsylvania State College., State College, Pa. 415 Pugh St. 

Asso. Prof. Dovatas. Emory Coll., Oxford, Ga. 

Runninq, Asso. Prof. T. R. Univ. of Michigan, Ann Arbor, Mich. 1019 Michigan Ave. 

Rusk, Prof. W. J. Math. and Astr., Grinnell Coll., Grinnell, Ia. 1415 Park St. 

RussEtx, Asso. Prof. W. P. Pomona Coll., Claremont, Cal. 

Rutiepesr, Dr. Georce. Instr., Mass. Inst. of Tech., Cambridge, Mass. 8 Chatham St. 


Sarforp, Asst. Prof. F. H. Univ. of Pennsylvania, Philadelphia, Pa. College Hall. 

SALLADE, JAMES ALVIN. Stud. Instr., Pennsylvania State Coll., State College, Pa. 125 Miles St. 

Sanpers, J. E. Observer, U. S. Weather Bureau, Jacksonville, Fla. 

Sanpers, Prof. Samvuret Tuomas, A.B. (Southern Univ.). Louisiana State Univ., Baton Rouge, 
La. 714 Mills Ave. 

Sanrorp, E. L. Instr., Mech. Drawing, St. John’s Univ., Shanghai, China. 

SanrorD, SHELTON Patmer, A.M. (Georgia). 359 Cloverhurst Ave., Athens, Ga. 

SaurEL, Prof. P. L. Coll. of the City of New York, N. Y. 


22 THE MATHEMATICAL ASSOCIATION OF AMERICA 


Saxer,, Prof. A. H. Utah Agric. Coll., Logan, Utah. 

ScarporouaH, Prof. J. H. State Normal School, Warrensburg, Mo. 

ScuMaty, C. N. Public School No. 69, Borough of Manhattan, New York, N.Y. 604 E. Sizth St. 
ScHMIEDEL, Prof. Oscar. Bellevue Coll., Bellevue, Neb. 

ScHorrenFELs, IpA M. 5428 Kimbark Ave., Chicago, Il. 

Scuvuy.er, Eimer. Bay Ridge High School, Brooklyn, N. Y. 87 71st St. 

Scuwartz, A. J. Instr., Cleveland High School, St. Louis, Mo. 

ScuweiTzer, Dr. A. R. 452 Oakdale Ave., Chicago, IIl. 

Scort, Prof. Coartorre A. Bryn Mawr Coll., Bryn Mawr, Pa. 233 Roberts Rd. 

Scott, Prin. G. H. Benzonia Acad., Benzonia, Mich. 

Seg, Prof. T. J. J. U.S. Navy, Naval Observ., Mare Island, Cal. 

SELLEW, Prof.G. T. Knox Coll., Galesburg, Ill. 

SENSENIG, WayNE. 9438 Fillmore St., Frankford, Philadelphia, Pa. 

Sreyrmovr, Prof. F. E. State Normal School, Trenton, N. J. 

SHANNON, Dean J. I. Physics, St. Louis Univ., St. Louis, Mo. 215 N. Grand Ave. 

SHarp, Prof. J. M. Mississippi Coll., Clinton, Miss. 

Suaw, Asso. Prof. J.B. Univ. of Illinois, Urbana, Ill. 901 California Ave. 

SHELDON, Prof. E.W. Univ. of Alberta, Edmonton South, Alberta, Canada. 

SHenton, Dr. W. F. Instr., U. 8. Naval Acad., Annapolis, Md. 

SHERRER, THERESAJ. Grad. Stud., Law School, Ohio State Univ., Columbus, O. 61 W. 10th Ave. 
Sut, Prof. B. L. Alabama Polytech. Inst., Auburn, Ala. 

Suirk, Prof. J. A.G. State Man. Tr. Normal School, Pittsburg, Kan. 116 E. Lindberg. 
Survety, Prof. L. 8., Ph.D. (Chicago). Mount Morris Coll., Mount Morris, Ill. 

SHook, CLarENcE A., A.B. (Western Reserve). Jn national service; 456 Green St., Havre de Grace, 


Suort, Prof.C. A. Math. and Engg., Delaware Coll., Newark, Del. 
Suort, Prof. W. T. Oklahoma Baptist Univ., Shawnee, Okla. 
seis 9 H. M. Mech. and Civ. Engg., Colorado School of Mines, Golden, Col. 1616 
aple St. 
Saumway, Asst. Prof. R. R. Univ. of Minnesota, Minneapolis, Minn. 
Stcetorr, Asst. Prof. L. P. Columbia Univ., New York, N. Y. 
Y. M.C. A. service in France. 
SILVERMAN, Dr. L. L. Instr., Cornell Univ., Ithaca, N. Y. 
On leave of absence, with the Mass. Board of Public Safety; 6 Pinckney St., Boston, Mass. 
Stmon, Wesster G., A.M. (Harvard). Grad. Student, Univ. of Chicago, Chicago, IIl. 
5484 University Ave. 
Srmons, Asst. Prof. Lao G. Hunter Coll., New York, N. Y. 180 W. 88th St. 
Sruonson,, Prof. B. F. Upper Iowa Univ., Fayette, Ia. 
Simpson, Asst. Prof. C. G. Pennsylvania State Coll., State College, Pa. 306 S. Burrows St. 
Srmpson, Dr. T. M. Instr., Univ. of Wisconsin, Madison, Wis. 1938 Kendall Ave. 
re Adj. Prof. T. MeN., Jr., Ph.D. (Chicago). Univ. of Texas, Austin, Tex. University 
station. 
Srncuair, Asso. Prof. Mary E. Oberlin Coll., Oberlin, O. 260 Oak St. 
Srncer, Prof. A. Capital Univ., Columbus, O. 2322 HE. Main St. 
S1sam, Asst. Prof. C. H. Univ. of Illinois, Urbana, Ill. 1304 8. Orchard St. 
Sxarstept, Marcus. Librarian and Instr., Augustana Coll., Rock Island, Ill. 
Sxitzs, Asso. Prof. W. V. Georgia School of Tech., Atlanta, Ga. 
Siaveut, Prof. H. E. Univ. of Chicago, Chicago, Ill. 5548 Kenwood Ave. 
Sieieut, Prof. E. R. Albion Coll., Albion, Mich. 
Suicuter, Prof.C.S. Appl. Math., Univ. of Wisconsin, Madison, Wis. 636 Frances St. 
Stosin, Asst. Prof. H. L. Univ. of Minnesota, Minneapolis, Minn. 
Situ, Asso. Prof. A.W. Colgate Univ., Hamilton, N. Y. 
Smiru, C. W. Head of the Dept. of Math., State Normal School, Superior, Wis. 
Smit, Prof. Cortes Everett, A.B. (Redfield Coll.). Math. and Science, Northland Coll. 
Ashland, Wis. 
Smita, Asso. Prof. CLara E. Wellesley Coll., Wellesley, Mass. Shafer Hall. 
Smita, Prof. D. E. Teachers Coll., Columbia Univ., New York, N. Y. 
Smits, Asst. Prof. D. M. Georgia School of Tech., Atlanta, Ga. 
Smita, Asso. Prof. Epowin R. Pennsylvania State Coll., State College, Pa. North Campus. 
SmirH, Eugene R. Headmaster, The Park School, Baltimore, Md. 
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Smita, Asst. Prof. E.S. Univ. of Cincinnati, Cincinnati, O. 
Smita, G. W., Ph.D. (Illinois). Math. and Physics, Beloit Coll., Beloit, Wis. 
Smitu, H. L. Instr., Princeton Univ., Princeton, N. J. 36 University Place. 
Smita, I.C. 102 Waverly Place, New York, N. Y. : 
Smita, Prof. J.B. Hampden-Sidney Coll., Hampden-Sidney, Va. 
Smita, Prof. L.W. Washington and Lee Univ., Lexington, Va. 
Smita, Prof. P. F. Sheff. Scientific School, Yale Univ., New Haven, Conn. 330 Willow St. 
SmitH, R. R. Megr., Coll. Dept., The Macmillan Co., New York, N. Y. 64-66 Fifth Ave. 
SmitH, Prof. Saran E. Mount Holyoke Coll., South Hadley, Mass. 
Smiru, Prof. W.M. Lafayette Coll., Easton, Pa. 
Snyper, A. D. Union Coll., Schenectady, N. Y. 204 Genl Engg. Bldg. 
SopERHOLM, ExvizaBetH. Twp. High School, Harrisburg, Ill. 2 H. Walnut Si. 
Somers, Capt. R.H. U.S. Army. Hyattsville, Md. 
Sovustey, Dr. C. P. Instr., Pennsylvania State Coll., State College, Pa. 608 W. College Ave. 
SPEARING, JEsstE. Grad. Stud., Columbia Univ., New York, N. Y. 625 W. 120th St. 
Speeker, G.G. Instr., Michigan Agric. Coll., East Lansing, Mich. 
Spencer, Prof. Mary C. Newcomb Memorial Coll., New Orleans, La. 
Sperry, Asst. Prof.C.S. Engg. Math., Univ. of Colorado, Boulder, Col. 
Sperry, Dr. Pavuuine. Instr., Univ. of California, Berkeley, Cal. 1610 Leroy Ave. 
Spinks, M. J. Chief Engr., Champion Bridge Co., Wilmington, O. Boz 594. 
Sprrzer, Grorce. Dairy Chemist, Purdue Univ., LaFayette, Ind. 7th and Waldron Sts., West 
LaFayette. 
Spooner, Prof. C. C. Northern State Normal School, Marquette, Mich. 
Sracer, Dr. H. W. Fresno Jun. Coll., Fresno, Cal. 265 Howard St. 
Prof. E. M. Math. and Astr., Midland Coll., Atchison, Kan. 900 S. Sth St. 
Srauz, Saran S.. Wendell Phillips High School, Chicago, Ill. 1203 E. 60th St. 
Sramy, D. L. Instr., Georgia School of Tech., Atlanta, Ga. 78 W. North Ave. 
Stanton Dean E. W. Iowa State Coll., Ames, Ia. 
Sranwick, C. A. Elec. Engineer, 1508 24th Ave., Seattle, Wash. 
Second Lieut., Engrs. Reserve Corps, U. S. Army. 
Stark, Prof. Marton ExizaBetH, A.M. (Brown). Math.and Astr., Meredith Coll., Raleigh, N. C. 
Srecx, Asso. Prof. C. C. New Hampshire State Coll., Durham, N. H. 
Srem.ey, L. L. Asst., Univ. of Illinois, Urbana, Ill. 
Stern, Dr. 8. G. P.O. Box 164, Muscatine, Ia. 
STeErRNAGLE, W. M. Leachville, Ark. 
SrepHens, Asso. Prof. R. P. Univ. of Georgia, Athens, Ga. 
Stetson, Dr. J. M. In national service; 1308 I St. N.W., Washington, D. C. 
Stone, Ormond. Formerly Prof. of Astr., Univ. of Virginia, Charlottesville, Va. Clifton Sta- 
tion, Fairfax Co., Va. 
Srourrer, Asso. Prof. E. B. Univ. of Kansas, Lawrence, Kan. 1525 New Hamp. St. 
Srratton, Asst. Prof. W.T. Kansas State Agric. Coll., Manhattan, Kan. 1020 Vattier St. 
StrEET, GEORGE THORNLEY, Jr., A.B. (Bucknell). Instr., Denison Univ., Granville,O. Boz 62. 
Srromauist, Prof. C. E. Univ. of Wyoming, Laramie, Wyo. 
Surra, Mary C. Chicago Latin School, Chicago, Ill. 1236 N. State St. 
SuLLIvan, J. J., Jr. Newman School, Essex St., Hackensack, N. J. 
SwarTzEL, Prof. K. D. Ohio State Univ., Columbus, O. 1952 Iuka Ave. 
Sweazey, Prof. G. B. Westminster Coll., Fulton, Mo. 
Sweet, H. L. Instr., Phillips Exeter Acad., Exeter, N. H. P.O. Box 12. 
Swirt, Prof. Ex1san. Univ. of Vermont, Burlington, Vt. 433 S. Willard St. 


Taser, G. H. P. O. Box 1214, Pittsburgh, Pa. 
Tanzoua, J. J. Private, 305th Machine Gun Batt., Co. C, Camp Upton, L. I. 
Taytor, Dr. E. H. Eastern Illinois State Normal School, Charleston, Ill. 
Taytor, Prof. J. M. Colgate Univ., Hamilton, N. Y. 
Taytor, Prof. W. E. Appl. Math., Syracuse Univ., Syracuse, N. Y. 822 Irving Ave. 
Taytor, W.H. Grad. Stud., Univ. of Ill., Champaign, Ill. 111 EZ. Healey St. 
THayeER, GILBERT. Rainier, Ore. 
First Lieut., Signal Officers Reserve Corps, Aviation Sec., non-flying. 
THIELBAR, CLARA R. Manlius, Ill. 
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Tuomas, C. F. Instr., Case School of Appl. Science, Cleveland, O. 

Tuomas, Prof. E.H. Physics and Math., Tabor Coll., Tabor, Ia. 

Tuomas, Prof. Evan. Mech. and Math., Univ. of Vermont, Burlington, Vt. 187 Loomis St. 

THOMAS, 4 = G. Math. and Engg., The Citadel, the Milit. Coll. of South Carolina, Charles- 
ton, 5. C. 

Tuomas, R. P. Instr., College of Wooster, Wooster, O. 247 Spring St. 

Tome, W.J. Engg. Dept., United Rwy., Detroit, Mich. 205 Palmer Ave., E. 

Tuompson, E. L. High School, Burlington, Ia. 431 S. Adams St. 

Tuompson, Epita V. Wilkes-Barré, Pa. (?) 

Tuompson, Prof. H. D. Princeton Univ., Princeton, N. J. 11 Morven St. 

THOMSEN, HERMAN Ivan, Ph.D. (Johns Hopkins). 1928 Mount Royal Terrace, Baltimore, Md. 

THORNBURG, Prof. C. L. Math. and Astr., Lehigh Univ., South Bethlehem, Pa. 

TitswortH, Dean A. A. Civ. Engg., Rutgers Coll., New Brunswick, N. J. 

Titus, C. M. Instr., Univ. Farm School, Davis, Cal. 

Totter, Howarp Ross, A.B. (Indiana). Scientific Asst., Office of Farm Management, U. S. 
Dept. of Agric., Washington, D. C. 

Torrey, Martan Marsu, A.M. (Brown). Instr., St. Johnsbury Acad., St. Johnsbury, Vt. 46 
Summer St. 

Tovuton, Prin. F. C. Central High School and Jun. Coll., St. Joseph, Mo. Teachers College, 
Columbia University, New York, N. Y. 

TOWNSEND, Prof. E. J. Univ. of Illinois, Urbana, Ill. 510 John St. 

Tracey, Asst. Prof. J. I. Yale Univ., New Haven, Conn. 314 Norton St. 

TREFETHEN, Prof. H. E. Astr. and Math., Colby Coll., Waterville, Me. 67 College Ave. 

Tripp, Asst. Prof. M.O. Univ. of Maine, Orono, Me. 

Trott, Prof. T. Exmer, M.S. (Muskingum). Mount Union Coll., Alliance,O. 50 E. College St. 

Turner, Asst. Prof. A. B. Coll. of the City of New York, New York, N.Y. 245 N. Mountain 
Ave., Montclair, N. J. 

TurNER, Birp M. Asst. Dir., Phebe Anna Thorne Model School, Bryn Mawr Coll., Bryn Mawr, 
Pa. Low Buildings. 

Tutte, JEAN. Inglewood Union High School, Inglewood, Cal. Box 147. 

Ty ter, Prof. H.W. Mass. Inst. of Tech., Cambridge, Mass. 

Tyter, Jonn. Instr., U.S. Naval Acad., Annapolis, Md. Hotel Maryland. 


Unter, Asst. Prof. H.S. Physics, Yale Univ., New Haven, Conn. 268 Willow St. 
Unperaitt Asst. Prof. A. L. Univ. of Minnesota, Minneapolis, Minn. 

Capt., Coast Artillery, Fort Andrews, Mass. 
UnvDErRwoop, P. H. Ball High School, Galveston, Tex. 2527 Ave. I. 
Ursan, Asso. Prof. F. W. State Normal School, Warrensburg, Mo. 418 N. Maguire St. 
Urner, Asst. Prof. S. E. Miami Univ., Athens, O. 


Van Anpa, C. V. With The New York Times, New York, N. Y. 205 W. 67th St. 
Van BenscHoTen, Prof. ANNA L. Wells Coll., Aurora, N. Y. 
Van Buskirk, Prof. H.C. Throop Coll. of Tech., Pasadena, Cal. 
VAN DER Vaiss, Prof. J. N. Univ. of Kansas, Lawrence, Kan. 
On leave of absence, Dist. Secy., War Work, U. S. Chamber of Commerce; 640 Otis Bldg., 
Chicago, Ill. 
Van Horne, Prof. R. N. Morningside Coll., Sioux City, Ia. 1307 S. Newton St. 
Van Nuys, Prof. Ctaupr Cornenius, A.M. (Columbia), E.M. (South Dak. Sch. of Mines)., 
Physics, Colorado School of Mines, Golden, Col. 
Van Orstranp, C. E. Physical Geologist, U. S. Geol. Surv. Lecturer on Mech., George Wash- 
ington Univ., Washington, D. C. 1667 31st St. N. W. 
VEBLEN, Prof. OswaLp. Princeton Univ., Princeton, N. J. 
Capt. of Ordnance, Officers Reserve Corps, Sandy Hook Proving Grounds, Fort Hancock, N. J., 
on leave of absence. 
VeppER, Prof. J. N. Thermodynamics, Union Coll., Schenectady, N. Y. 
Vivian, Asso. Prof. Roxana H. Wellesley Coll., Wellesley, Mass. 


Wagar, G. L. Instr., Mount Hermon Boys’ School, Mount Hermon, Mass. 
Waauin, G. E. Asso., Univ. of Illinois, Urbana, II]. 903 Railroad St. 
lemme * am C. A. Emeritus, Washington Univ., St. Louis, Mo. 401 W. 118th St., New York, 
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Watpron, J. A. School Inspector, Society of Mary, Chaminade Coll., Clayton, Mo. 

Wa ker, Evetyn. Instr., Hunter Coll., New York, N. Y. 35 W. 82d St. 

Wa ker, L. C. Ceresco, Neb. 

Watuace, Prof. A. W. Franklin Coll., New Athens, O. 

Wasa, SP Instr., Ethical Culture High School, New York, N.Y. 443 Classon Ave., Brooklyn, 


Watton, Prof. T.O. William and Vashti Coll., Aledo, Ill. 

WapPLe, A. a Teaching Fellow, Univ. of California, Berkeley, Cal. 1650 Fulton St., San Fran- 
cisco, Cal. 

Warner, I. N. Instr., State Normal School, Platteville, Wis. 

WarRkEN, Prof. L. A. H. Univ. of Manitoba, Winnipeg, Canada. 

Wasupurne, A.C. Actuary, Berkshire Life Ins. Co., Pittsfield, Mass. 

Warts, Prof.C. W. Virginia Milit. Inst., Lexington, Va. 

Wear, Dr. L. E. Instr., Univ. of Washington, Seattle, Wash. 4735 Sixth St. N.E. 

Weaver, Dr. J. H. Instr., Ohio State Univ., Columbus, O. Hilliard, O. 

WEAVER, Asst. Prof. WARREN, C.E. (Wisconsin). Throop Coll. of Tech., Pasadena, Cal. 

Science and Research Div., Signal Corps, on leave of absence. 

Wess, H. E. Central High School, Newark, N. J. 12 Irving Pl., Summit, N. J. 

Wesser, Dr. W. P. Instr., Math. and Mech., Univ. of Pittsburgh, Pittsburgh, Pa. 

Wesster, Asst. Prof. Louise M. Hunter Coll., New York, N.Y. Hunter College, E. 68th St. 

Wecuster, A. L. 895 West End Ave., New York, N. Y. 

Weeks, Dr. Euta A. Grover Cleveland High School, St. Louis, Mo. 

Wea, F. M. Instr., State Univ. of Iowa, Iowa City, Ia. Box 371. 

We tp, Dr. L.G. Dir., Free School of Man. Tr., Pullman, Chicago, Ill. 

WELLING, boi was Corcoran, A.B. (Yale). Instr., Trinity Coll., Hartford, Conn. 159 Farm- 
ington Ave. 

We tts, Dr. Mary E. Instr., Vassar Coll., Poughkeepsie, N. Y. Boz 73. 

WELLS, Prof. R. A. Park Coll., Parkville, Mo. 

Wetton, Mary L. Union High School, Grand Rapids, Mich. 127 Lafayette Ave. 

WENTWORTH, GEORGE. 1688 Beacon St., Boston, Mass. 

West, Asst. Prof. C. J. Ohio State Univ., Columbus, O. 

West, Prof. E. D. Pacific Univ., Forest Grove, Ore. 

Wester, Asst. Prof.C. W. Iowa State Teachers Coll., Cedar Falls, Ia. 709 Walnut St. 

WEstTFALL, BertHA G. High School, Gloversville, N. Y. 285 N. Main St. 

WEsTFALL, Asso. Prof. W. D. A. Univ. of Missouri, Columbia, Mo. 309 Hicks Ave. 

Waeeter, A. H. High School of Commerce, Worcester, Mass. 8&8 Shawmut St. 

WHEELER, Asst. Prof. J. J. Univ. of Kansas, Lawrence, Kan. 1024 Alabama St. 

Waite, Asso. Prof. A. E. Kansas State Agric. Coll., Manhattan, Kan. 

Waite, Prof. C. E. West Virginia Wesleyan Coll., Buckhannon, W. Va. 

Wuits, Asso. Prof. Marton B. Michigan State Normal Coll., Ypsilanti, Mich. 314 Forest Ave. 

Wuirep, Wixuis, M.E., Dr. of Engg. (Iowa State Coll.). Engr. of Bridges, Penna. State Highway 
Dept., Harrisburg, Pa. 2116 N. Third St. 

WuitrorD, Prof. A. E. Math. and Physics, Milton Coll., Milton, Wis. 

Wuitrorp, Asst. Prof. E. E. Coll. of the City of New York, New York, N.Y. 76 W. 103d St. 

Wuitinc, Manet G. Box 371, San Dimas, Cal. 

Wuiton, Prof. Emma K. Univ. of Redlands, Redlands, Cal. 130 Stillman Ave. 

Wuirtep, Prof. J. A. Hedding Coll., Abingdon, Ill. 208 W. Monmouth St. 

WHITTEMORE, JAMES Ketsry, A.M. (Harvard). Instr., Sheffield Scientific School, Yale Univ., 
New Haven, Conn. 284 Orange St. 

Witcezynsk1, Prof. E. J. Univ. of Chicago, Chicago, IIl. 

Wiper, Dr. C. E. Instr., Northwestern Univ., Evanston, Ill. 102 Hinman House. 

Wixper, G. F. Erasmus Hall High School, Brooklyn, N. Y. 

WitperMuTH, Asst. Prof. Ross Brooker, A.M. (Ohio State). Capital Univ., Columbus, O. 

Wiey, Prof. F. B. Denison Univ., Granville, O. 

Witzy, W. O., A.M. (Columbia). Secy., John Wiley and Sons, Inc., New York, N. Y. 
Fourth Ave. 

Witett, Asso. Prof. H.C. Univ. of So. California, Los Angeles, Cal. 

Dr. A.R. Y.M.C. A., Portland, Ore. 

Wiutams, Prof. C. B. Kalamazoo Coll., Kalamazoo, Mich. 214 Stuart Ave. 

Witurams, Prof. F. B. Clark Univ., Worcester, Mass. 
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Wituiams, Prof. J. E. Virginia Polytech. Inst., Blacksburg, Va. 
Wituiams, Asst. Prof. K. P. Indiana Univ., Bloomington, Ind. 
Capt., Ind. Field Artillery, with the Rainbow Division in France. 
Wituiams, W. H. Head of the Dept. of Math., State Normal School, Platteville, Wis. 
Wiis, Rusy. Instr., Wells Coll., Aurora, N. Y. 
Wi11s0Nn, Prof. F. N. Deser. Geom., Princeton Univ., Princeton, N. J. Box 63. 
Witson, Asso. Prof. A. H. Haverford Coll., Haverford, Pa. 
Witson, Asso. Prof. D. T. Math. and Astr., Case School of Appl. Science, Cleveland, O. 
Witson, Prof. E. B. Head of the Dept. of Physics, Mass. Inst. of Tech., Cambridge, Mass. 
Witson, Asst. Prof. R. E. Northwestern Univ., Evanston, Ill. 2015 Sherman Ave. 
Witson, Asst. Prof. W. A. Yale Coll., New Haven, Conn. 228 Park St. 
Haroxp, Ph.D. (Illinois). Instr., Mass. Inst. of Tech., Cambridge, Mass. 11 
fentre St. 
WINBIGLER, Prof. Atice. Monmouth Coll., Monmouth, III. 
Winstow, Giupert Jr., B.S. in Min. Engg. (Oregon Agric. Coll.). Computer, Coast and Geo- 
detic Survey, Washington, D. C. 
bata Ouice. Harrison Tech. High School, Chicago, Ill. 3534 Walnut St., Garfield Park Sta., 
Chicago. 
Wo re, 2231 Cedar St., Berkeley, Cal. 
Wotre, H. E. 314 N. Washington St., Bloomington, Ind. 
Wotan, Prof. Taomas C., B.S. (Minnesota). Park Region Luther Coll., Fergus Falls, Minn. 
627 Cavour Ave. W. 
Woon, Frepricx. Instr., Univ. of Wisconsin, Madison, Wis. 
Lieut., 328th Field Artillery, National Army. 
Woop, Rose B. Hardin Coll., Mexico, Mo. 
Wooparp, Prof. D. W. Wilberforce Univ., Wilberforce, O. 
WoopmansEsE, Prof. W. R. Ripon Coll., Ripon, Wis. 
Wooprow, Asst. Prof. Jay Water, Ph.D. (Yale). Physics, Univ. of Colorado, Boulder, Col. 
Woops, Asst. Prof. B. M. Theoretical Mech., Univ. of California, Berkeley, Cal. 
Pres. of the academic board of the school of military aeronautics, Univ. of California. 
Woops, Prof. F.S. Mass. Inst. of Tech., Cambridge, Mass. 
Woopwarb, Pres. R.S. Carnegie Inst. of Washington, Washington, D. C. 
WoopyarpD, Etta. High School, Kansas City, Kan. 934 Barnett. 
WorrTHINGTON, Epwarp H., A.M. (Pennsylvania). Instr., Univ. of Pennsylvania, Philadelphia, 
Pa. Lock Box 319, Glenside, Pa. 
Dr. R. Instr., Wellesley Coll., Wellesley, Mass. 10 Waban St. 
Wariaeut, Prof. H. N. Whittier Coll., Whittier, Cal. 
Wrieut, Vera L., A.M. (Minnesota). Asst., Univ. of Minnesota, Minneapolis, Minn. 48th 
St. and France Ave. S. 
Wrigat, Prof. W. L. Lincoln Univ., Lincoln University, Pa. 
Wonper, Prof. C. N. Southwestern Univ., Georgetown, Tex. 


YANNEY, Prof. B. F. Coll. of Wooster, Wooster, O. 666 N. Bever St. 
YeaTon, Asst. Prof. C. H. Northwestern Univ., Evanston, IIl. 
In national service, Signal Corps; home address, Richmond, Me. 
YEN, Prof. Cata-Curow, A.M. (Harvard). Chinese Govt., Engg. Coll., Tangsha, China. 
Youna, Prof. ANNAI, Agnes Scott Coll., Decatur, Ga. 
Younge, Prof. J. W. Dartmouth Coll., Hanover, N. H. 
Young, Asso. Prof. J.W.A. Univ. of Chicago, Chicago, Ill. 5422 Blackstone Ave. 
Youne, Dr. Masset M. Instr., Wellesley Coll., Wellesley, Mass. 6 Norfolk Terrace. 
Yowe tz, Dr. E. I. Astronomer, Univ. of Cincinnati, Cincinnati, O. Griest and Corbett Aves. 


ZEHRING, Asst. Prof. W. A. Purdue Univ., LaFayette, Ind. 303 Russell St. 

ZEIGEL, Prof. W. H. State Normal School, Kirksville, Mo. 402 S. Stanford St. 
ZeLpIn, SaMvuEL D., Ph.D. (Clark). Instr., Coll. of Hawaii, Honolulu, T. H. 
ZIMMERMAN, Prof. Jonn. Dubuque German Coll., Dubuque, Ia. 75 N. Glen Oak Ave. 
Ziwet, Prof. ALEXANDER. Univ. of Michigan, Ann Arbor, Mich. 644 S. Ingalls St. 
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INSTITUTIONAL MEMBERS. 


Woman’s CoLLeGcE or ALABAMA, Montgomery, Ala. 
UNIVERSITY OF ARKANSAS, Fayetteville, Ark. 
UnIvERsITY oF St. Francis Xavier, Antigonish, N. 8., Can. 
Cotorapo Colorado Springs, Col. 

Cotorapo Scoot or Golden, Col. 

Trinity Hartford, Conn. 

WESLEYAN University, Middletown, Conn. 
GEORGETOWN UNIversity, Washington, D. C. 

GEORGE WASHINGTON UNIvERsITY, Washington, D. C. 
University or Greorata, Athens, Ga. 

SuHurTLEFF Alton, Ill. 

WESLEYAN UNIverRsITY, Bloomington, Ill. 
CARTHAGE COLLEGE, Carthage, Ill. 

Armour INnstITUTE oF TECHNOLOGY, Chicago, 
University or Cuicaao, Chicago, Ill. 

NORTHWESTERN UNIversity, Evanston, Il. 

Knox Galesburg, Ill. 

Rocxrorp Rockford, Il. 

University or Urbana, Il. 

PurpvuE University, LaFayette, Ind. 

Drake University, Des Moines, Ia. 

State University or Iowa, Iowa City, Ia. 
UNIVERSITY OF Kansas, Lawrence, Kan. 

State AGRICULTURAL CoLLEGE, Manhattan, Kan. 
University oF Louisville, Ky. 
University or Marne, Orono, Me. 

AMHERST CoLLEGE, Amherst, Mass. 

Boston University, Boston, Mass. 

Mount Hotyoxs South Hadley, Mass. 
WELLESLEY COLLEGE, Wellesley, Mass. 

Potytecunic Institute, Worcester, Mass. 
University oF Micuican, Ann Arbor, Mich. 
MIcHIGAN AGRICULTURAL CoLLEGE, East Lansing, Mich. 
CoLLeGE, Kalamazoo, Mich. 

University oF Minnesota, Minneapolis, Minn. 
CoLLEeGE or St. CATHERINE, St. Paul, Minn. 

Co.uecE or St. Teresa, Winona, Minn. 

Miuusars Jackson, Miss. 

CuLVER-STOCKTON CoLLEGE, Canton, Mo. 

University oF Missourt, Columbia, Mo. 

CrenTRAL Fayette, Mo. 

WASHINGTON UNIvErsITy, St. Louis, Mo. 

University oF Montana, Missoula, Mont. 
University or NEBRASKA, Lincoln, Neb. 

CREIGHTON UNIvErRsITy, Omaha, Neb. 

Darrmouts Hanover, N. H. 

Ruteers Cotitece, New Brunswick, N. J. 

Princeton University, Princeton, N. J. 

New York State ror Teacuers, Albany, N. Y. 
Potytecunic Institute, Brooklyn, N. Y. 

University oF Burrao, Buffalo, N. Y. 

Hamitton Clinton, N. Y. 

Exmrra Elmira, N. Y. 

CoLLEGE OF THE City or New York, New York, N. Y. 
CotumsBia University, New York, N. Y. 

Cooper Union, New York, N. Y. 
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New York University, New York, N. Y. 
University oF Rocusster, Rochester, N. Y. 
Union CoLieGe, Schenectady, N. Y. 

Case or APFLIED Science, Cleveland, Ohio. 
WeEsTERN RESERVE University, Cleveland, Ohio. 
Ou10 WESLEYAN UNIversity, Delaware, Ohio. 
Kenyon Gambier, Ohio. 

Denison University, Granville, Ohio. 

OBERLIN CoLLEGE, Oberlin, Ohio. 

LAKE Erte Couuece, Painesville, Ohio. 

LAFAYETTE Easton, Pa. 

Haverrorp Haverford, Pa. 

ALBRIGHT COLLEGE, Myerstown, Pa. 

DreExEL InstituT#, Philadelphia, Pa. 

CaRNEGIE INSTITUTE OF TECHNOLOGY, Pittsburgh, Pa. 
LeuicH University, South Bethlehem, Pa. 
SwARTHMORE COLLEGE, Swarthmore, Pa. 
WASHINGTON AND JEFFERSON CoLLEGE, Washington, Pa. 
University OF Porto Rico, Mayagiiez, P. R. 
Brown Untversity, Providence, R. I. 

VANDERBILT Untversity, Nashville, Tenn. 
University or Texas, Austin, Tex. 

SouTHERN Mersopist University, Dallas, Tex. 
UNIversiItTy, Waco, Tex. 

Mippiesury Middlebury, Vt. 
University or University, Va. 
UNIVERSITY OF WASHINGTON, Seattle, Wash. 

State Normat ScxHoot, La Crosse, Wis. 
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GEOGRAPHICAL DISTRIBUTION OF INDIVIDUAL MEMBERS. 


UNITED STATES AND CANADA. 


ALABAMA. (8) 
AvusuRN. Crenshaw, Messick, Shi. 
BIRMINGHAM. Eagles. 
GREENSBORO. Chapman. 
Montcomery. W. A. Moore. 
University. F. L. Carmichael, Fort. 


ArRIzoNA. (2) 
FuacstaFr. Lampland. 


Tucson. Leonard. 


ARKANSAS. (7) 
FAYETTEVILLE. Droke, Harding, Miser. 
CuHIDESTER. Bragg. 
LEACHVILLE. Steirnagle. 
Litre Rock. Armitage, Bigbee. 


CALIFORNIA. (39) 


BERKELEY. Bernstein, Haskell, Irwin, Lehmer, McCarty, F. R. Morris, Noble, Pehrson, Putnam, 
P. Sperry, C. Wolfe, B. M. Woods. 
Ciaremont. G. E. Berry, Brackett, Russell. 


Davis. Titus. PasaDENA. Van Buskirk, W. Weaver. 
Fresno. Stager. Point Loma. Dick. 

InetEwoop. Tuttle. Repianps. Whiton. 

La McEwen. RiversipE. Mathews. 

LesBec. Posey. San Disco. G. Allen. 

Los P. Arnold, Collier, Willett. San Dmas. Whiting. 
See. San Francisco. Crofts, Wapple. 
Pato Atto. Hoskins. Santa Ana. Eggen. 


StanrorD University. Blichfeldt, R. L. Green, Moreno. 
Wuittier. H. N. Wright. 


Canapa. (16) 


Anning. - Reawa. J. E. Campbell. 

Kineston. D. Buchanan, Gummer, Matheson. Saskatoon. Ling. 

LancensuRG. Draxten. Toronto. A. Baker, Beatty, J. W. Campbell, 
MontreaL. Murray. Findlay, Pounder, Rosebrugh. 

Picton. Kingston. Warren. 


CoLorapo. (23) 


Boutper. DeLong, Kendall, Lester, Light, E. B. Miller, Randolph, C. S. Sperry, Woodrow. 
Cotorapo Sprines. Barnhart, Cajori, H. T. Davis, Denis, Loud. 


Denver. E. L. Brown. GoLpEN. Burger, Showman, Van Nuys. 
Estes Park. Burnell. GREELEY. Finley, W. H. Hill. 
Fiorence. MeNatt. University Park. H. A. Howe. 


Fort Cotuins S. L. Macdonald. 


Connecticut. (17) 
Hartrorp. Flynn, Welling. 
Mippietown. C. N. Reynolds. 
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ConneEcTictT (continued) 

MitForD. Rosenbaum. 

New Haven. Barrow, E. W. Brown, Kovarik, Longley, Miles, Palmer, P. F. Smith, Tracey, 
Uhler, Whittemore, W. A. Wilson. 

New Lonpon. Dimick, Leib. 


DELAWARE. (8) 
Newark. Harter, Rawlins, C. A. Short. 


District oF CoLtumBta. (24) 

BROOKLAND. Landry. 

Cuevy CuHase. Heal. 

Wasuineton. O. S. Adams, Archer, Cromwell, Dir. Dept. of Terr. Magn., English, W. M. 
Hamilton, Hodgkins, A. M. Howe, W. D. Lambert, Langellotti, Mangold, A. Martin, Mussel- 
man, Phelps, Ramler, A. A. Riley, Roeser, Stetson, Tolley, Van Orstrand, Winslow, Wood- 
ward. 


Fioriwa. (2) 
GAINESVILLE. Keppel. 
JACKSONVILLE. J. E. Sanders. 


Georaia. (15) 
ArHens. Pond, S. P. Sanford, Stephens. 
ATLanTA. F. Field, Hemke, Morton, Skiles, D. M. Smith, Stamy. 
Decatur. A. I. Young. 
Eastman. Brindle. 
GAINESVILLE. Bingley. 
Macon. Burton. 
Oxrorp. Peed, Rumble. 

Hawa. (1) 

Zeldin. 


IpaHo. (1) 
Moscow. Conwell. 


Inurnors. (90) 

AsInGpon. Whitted. 

Walton. 

AuTon. Hess. 

Cartuace. I. L. Miller. 

CuHAMPAIGN. Chittenden, Crathorne, McAtee, W. H. Taylor. 

CHARLESTON. E. H. Taylor. 

Cuicaco. Abrams, E. Allen, Barnett, Bliss, Cobb, Dickson, Foberg, Hassler, Hilton, J. H. 
Jones, Kinney, Krathwohl, Laves, A. C. Lunn, M. Macdonald, MacMillan, E. H. Moore, 
F. R. Moulton, G. W. Myers, C. A. Nelson,.Nyberg, C. I. Palmer, Pettersen, Schottenfels, 
Schweitzer, Simon, Slaught, Soderholm, 8. 8. Stahl, Suffa, Weld, Wilczynski, Winter, 
J. W. A. Young. 

Decatur. Kean, Risley. 

Evanston. A. D. Campbell, D. F. Campbell, Curtiss, Doll, Kerr, Logsdon, E. J. Moulton, 
Newell, Roman, C. E. Wilder, R. E. Wilson, Yeaton. 


Freeport. Mensenkamp. Monmovuts. Winbigler. 
GatessBurG. Sellew. Movunt Morris. Shively. 
GREENVILLE. Ingels. ORLEANS. Holmes. 

Hoopeston. Dotterer. Preorra. Comstock. 

LakE Forest. MeNeill. Rocxrorp. B. I. Miller. 

La Saute. Carus. Rock Istanp. Cederberg, Skarstedt. 
Macoms. Ginnings. Soutn Gouwens. 
Manuivs. Thielbar. TAYLORVILLE. Dappert. 


Mowunt Carrot. Morrison. 

Urpana. Carmichael, Clevenger, Emch, C. F. Green, Jacobs, Kempner, Lytle. G. A. Miller, 
Rietz, Shaw, Sisam, Steimley, Townsend, Wahlin. 

Woopstocrk. E. J. Belcher. 
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(26) 
BAINBRIDGE. Elbert Allen. 
ey, BLOOMINGTON. Davisson, Hanna, Hennel, Rothrock, H. E. Wolfe. 
: City. Knisely. 
CRAWFORDSVILLE. Cragwall. 
L. Hadley. 
FRANKLIN. Hodge. 
GosHEN. Lehman. 
Hanover. Lawrence. 
INDIANAPOLIS. Beckett, E. N. Johnson. 
LaFayette. Cox, Zehring. 
Notre Dame. Caparo. 


M. RicumMonp. Mendenhall. 
sel- BEND. Motts. 
od- West LaFayette. Bates, Graves, Hazard, James, Kenyon, Robbins, Spitzer. 
Iowa. (31) 
Apia. Corey. 
Ames. Chaney, Colpitts, Daniells, Madson, Pattengill, Roberts, Stanton. 
Buruineton. E. L. Thompson. Inpranota. C. W. Emmons. 
Camp DopaE. Camp. Iowa City. R. P. Baker, Reilly, Weida. 
Crpar Fats. Condit, Wester. Mowunt Vernon. McGaw, M. B. Norton. 
Cepar Rapips. Coffin. Muscatine. Stein. 
Des Mornses. Neff. Osxatoosa. S. M. Hadley. 
Dusvuaue. Zimmerman. Sroux Crry. Van Horne. 
Fayette. Simonson. Tapor. E. H. Thomas. 
GRINNELL. Albert, McClenon, Rusk. WetitmaNn. Kreth. 


Humpowpt. Herr. 
Kansas. (37) 
ArxKansas City. McCormick. 
Arcuison. E. M. Stahl. 
Batpwin. Garrett. 
Camp Funston. Canaday. 
Emporia. Lindquist, Mergendahl. 
Houton. Harnly. 
Kansas City. L. T. Dougherty, Flagg, Helwig, Hyde, Woodyard. 
Lawrence. Ashton, Jordan, Lefschetz, U. G. Mitchell, Stouffer, Van der Vries, J. J. Wheeler. 
LEAVENWORTH. Edington. 
Linpspora. H. N. Olson. 
Manuatran. W.H. Andrews, H. E. Porter, Remick, Stratton, A. E. White. 


H. Newton. Richert. 

Ottawa. Bouse. 

els, PirrssurG. Broadlick, V. B. Caris, Marshall, Shirk. 
cer, Sreruine. T. Bell. 


Topeka. Harshbarger, Newson. 
Wicuita. Dueker, Hoare. 


on, Kentucky. (7) 
Berea. Phalen. 
DanviILLE. Crooks. 
GEORGETOWN. Rhoton. 
Lexineton. Boyd, J. M. Davis, Downing, Rees. 


Lovurstana. (5) 
Baton Rovce. Nichols, 8. T. Sanders. 
New Orteans. Cater, Dinwiddie, Spencer. 


Maine. (13) 
er, Bancor. Robinson. 


Bar Harsor. A. S. Adams. 
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MAINE (continued) 
Brunswick. Milne, Moody. 
Jay. Goodrich. 
Lewiston. Ramsdell. 
Orono. Aley, Hart, Tripp, Reed. 
WaTERVILLE. Ashcraft, Carter, Trefethen. 


MARYLAND. (31) 

ANNAPOLIS. Bramble, J. A. Bullard, Capron, Clements, Dederick, Dillingham, Eppes, Galloway, 
Gossard, A. Hall, W. W. Johnson, Norwood, Robert, Root, Shenton, J. Tyler. 

Battm™oreE. Bacon, Coble, Cohen, Converse, Harry, Hulburt, Lewis, F. Morley, Morrow, 
Eugene R. Smith, Thomsen. 

Havre DE Grace. Shook. 

Somers. 

Port Deposit. E. C. Cook. 

L. O. Brown. 

MASSACHUSETTS. (67) 

AmuERST. Duncan, Esty, Olds. 

Boston. Beatley, Brigham, Bruce, G. W. Evans, Gaylord, King, Kircher, Osborne, Wentworth. 

CaMBRIDGE. Bailey, Birkhoff, Bouton, Bradley, Coolidge, H. N. Davis, Franklin, G. M. Green, 
E. V. Huntington, D. Jackson, Kennelly, Lipka, C. L. E. Moore, Osgood, Phillips, Rutledge, 
H. W. Tyler, E. B. Wilson, W. H. Wilson, F. S. Woods. 

Everett. Bryant. 

HAVERHILL. Card. 

Hotyoxe. Moriarty. 

LowELu. Lupien. 

Mount Hermon. Wagar. 

NortHamMpTon. R. Benedict, Munroe. 

PirrsFIELD. Washburne. 

Sours Haptry. Doak, E. N. Martin, A. Pell, A. J. Pell, 8. E. Smith. 

SprincFietp. J. E. Clark. 

Turts Cottece. Ransom. 

WaTERTOWN. Haigler, C. A. Hobbs, Kenison, Ward. 

WE .eEsLey. E. Chandler, Copeland, Merrill, G. E. Preston, C. E. Smith, Vivian, E. R. 
Worthington, M. M. Young. 

West Newsury. Carleton. 

Wituramstown. Agard, Hardy. 
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Constitution and By-Laws of the Mathemat- 


ical Association of America 
(as amended December 28, 1918) 


ARTICLE I—NAME AND PURPOSE. 


1. This organization shall be known as THe MATHEMATICAL ASSOCIATION OF AMERICA. 


2. Its object shall be to assist in promoting the interests of mathematics in America, 
especially in the collegiate field. 


ArtTIcLE II—MEMBERSHIP. 


1. Any person who is interested in the field of collegiate mathematics shall be eligible for 
election to membership in the Association. 


2. Any institution in which the Calculus is regularly taught shall be eligible for election to 
institutional membership in the Association; such an institution shall have the privilege of sending 
a voting delegate to the meetings of the Association. 


ArticLE 


1. The officers of this Association shall be a President, two Vice-Presidents, a Secretary- 
Treasurer and twelve additional members of an Executive Council, together with a Committee 
of three on Publications, who shall be ex-officio members of the Council. 


2. The President and Vice-Presidents shall be elected annually for a term of one year, and four 
members of the Council shall be elected annually for a term of three years. They shall be eligible 
for reélection, but not for more than two consecutive terms. The Secretary-Treasurer, and the 
Committee on Publications, consisting of the Manager, the Editor, and one other member, shall 
be appointed by the Council. 


3. The Council shall transact the official business of the Association and shall report its 
actions at the annual meeting of the Association and in the official journal. Any proposed action 
of the Council which makes or alters a question of policy shall be published in the official journal 
before final action has been taken, so that members of the Association may make known to the 
Council their individual views. 


4. The Council shall have authority to fill vacancies ad intermim. 


ArticteE IV—MeEetines. 
1, The annual meeting of the Association shall be held at such time and place as the Council 
may direct. 


2. The Council shall have power to call other meetings of the Association whenever it may 
be deemed expedient. 


ARTICLE V—SECTIONS. 


1. Any group of members of this Association may petition the Council for authority to 
organize a Section of the Association for the purpose of holding local meetings. The Council 
shall have power to specify the conditions under which such authority shall be granted. 


2. The Association shall not be obligated to pay from its treasury any of the expenses of such 
sections. 
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ARTICLE Vi—OFFICIAL JOURNAL. 


1. The Association shall publish an official journal, which shall be sent free to all members 
of the Association in accordance with Article VII. 


2. The Council shall have full control of the publication and sale of the official journal. 


ArticLe VII—DvEs. 


1. Anindividual member of the Association shall pay an initiation fee of two dollars at the 
time of his election. 


2. The annual dues of an individual member shall be three dollars, including a subscription 
to the official journal. 


3. The annual dues of an institutional member shall be five dollars, including two subscrip- 
tions to the official journal. 


4, All dues shall be payable on the first of January of each year. Should the annual dues of 
any member remain unpaid beyond a reasonable time, his name shall be dropped from the list, 
after due notice. 


5. New members entering the Association after April 1, of any year, shall have their dues 
prorated for the balance of the year, except when they desire to receive the full current volume 
of the official journal. 


ArTICLE VIII—AMENDMENTS 


This Constitution may be amended at any annual meeting of the Association by a two-thirds 
vote of those present and voting, provided that such amendment shall have been printed in the 
official journal at least one month before the date of such meeting. 


BY-LAWS 


1. Election of Members. Election to membership shall be by vote of the Council upon written 
application from the individual or institution seeking admission. 


Those who were admitted to membership before April 1, 1916, constitute the list of charter 
members. 


2. Nomination and Election of Officers. Two months before the date of the annual meeting, 
all members shall be given an opportunity to nominate by mail a candidate for each office for 
the ensuing year. One month before the annual meeting, the Council shall announce two 
candidates for each office, one being the person who received the highest vote in the nominations 
and the other being selected by the Council from among the several nominees next in order. 


The election shall be by mail or in person and shall close on the day of the annual meeting. 


3. Committees. The official journal shall be under the general management of the Committee 
on Publications. There shall also be appointed by the Council a Board of Associate Editors who 
shall give assistance in connection with the official journal under the direction of the Committee 
on Publications. 


The Council may appoint any other committees and delegate to them such power as may, in 
its judgment, seem desirable. 


4. Price of Publications. The Council shall fix the price of the official journal, and of any 
other publications of the Association to non-members, but in no case shall the journal be sold 
for less than the annual dues of individual members, as specified in Article VII of the Constitution. 


5. Amendments. These By-Laws may be amended at any annual meeting under the same 
conditions as specified in Article VIII of the Constitution. 
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VoLuME XXV 


JUNE, 1918 NuMBER 6 


ON THE J-CENTERS OF A TRIANGLE. 
By NATHAN ALTSHILLER, University of Oklahoma. 


Introduction. The first two sections below are known. The following two 
sections are a natural extension of the first two. I believe them to be new. The 
sections 5, 6, 7, are consequences of the first four applied to the triangle. The 
rest of the article is an application of the first four sections to the inscribed 
quadrilateral. The results are undoubtedly new. 

Definition. The /-centers of a triangle are the centers of the four circles 
touching the sides of the triangle. 

1. Let ABC (Fig. 1) be a given triangle, J its incenter, J; its excenter relative 
to the vertex A, 12. e., the center of the escribed circle touching the side BC, 
opposite the vertex A, not produced. The lines BI, Bl, being the bisectors of 
two adjacent supplementary angles, are perpendicular to each other, hence the 
segment IJ, subtends a right angle at the point B. The same is true about the 
point C, for similar reasons. Hence: The incenter of a triangle and its excenter 
relative to a given vertex, are the extremities of a diameter of a circle passing through 
the other two vertices of the triangle. 

2. The center of the circle BICI, (1) is the point common to JJ; and the 
perpendicular bisector of BC. Let E, E’ be the points where this perpendicular 
bisector meets the circumcircle (0) of ABC, the points E and A being on opposite 
sides of BC. Now the line JJ, being the interior bisector of the angle BAC, 
passes through the mid-point E of the are BEC of the circumcircle (QO), hence: 
The center of the circle BICI, is the mid-point E of the are of the circumeircle of 
ABC which is subtended by the side BC and which does not contain the vertex A. 


1 Julius Petersen, Méthodes et théories pour la résolution des problémes de constructions 
géométriques, p. 7. Paris, Gauthier-Villars, 1901, third edition. Clement V. Durell, A Course 
of Plane Geometry for Advanced Students, Part I, p. 33, London, Macmillan and Co., 1909. 
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